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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally
carried out through 1SO technical committees. Each member body interested in a subject for which a
technical committee has been established has the right to be represented on that committee.
International organizations, governmental and non-governmental, in liaison with SO, also take part in
the work. 1SO collaborates closely with the International Electrotechnical Commission (IEC) on all
matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are circulated to the member
bodies for voting. Publication as an International Standard requires approval by at least 75% of the
member bodies casting a vote.

International Standard 1SO 10303-28 was prepared by Technical Committee 1ISO/TC 184, Industrial
automation systems and integration, Subcommittee SC4, Industrial data.

This International Standard is organized as a series of parts, each published separately. The parts of
SO 10303 fall into one of the following series: description methods, integrated resources, application
interpreted constructs, application protocols, abstract test suites, implementation methods, and
conformance testing. The series are described in 1SO 10303-1. A complete list of parts of 1SO 10303
is available from the Internet:

<http://www.nist.gov/sc4/editing/step/titles/>.

This part of 1SO 10303 is a member of the implementation methods series. The implementation
methods specify <?77>.

Annexes A, B, C and D form an integra part of this part of 1SO 10303. Annexes E, F and G are for
information only.
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I ntroduction

ISO 10303 is an International Standard for the computer-interpretable representation of product
information and for the exchange of product data. The objective is to provide a neutra mechanism
capable of describing products throughout their life cycle. This mechanism is suitable not only for
neutral file exchange, but aso as a basis for implementing and sharing product databases, and as a
basisfor archiving.

This part of 1SO 10303 specifies means by which data and schemas specified using the EXPRESS
language (1SO 10303-11) can be encoded using XML.

XML provides abasic syntax that can be used in many different ways to encode information. In this
part of 1SO 10303, the following uses of XML are specified:

a) A late bound XML architectural Document Type Declaration (DTD) that enables any EXPRESS
schema to be encoded:;

b) An extension to the late bound DTD to enable data corresponding to any EXPRESS schema to be
encoded as XML;

¢) A canonica form for the late bound DTD that is derived from the architectural DTD;

d) The use of SGML architectures to enable early binding XML forms to be defined that are
compatible with the late binding.

The use of architectures allows for different early bindings to be defined that are compatible with
each other and can be processed using the architectural DTD.

Several components of this part of 1SO 10303 are available in electronic form. This access is provided
through the specification of Universal Resource Locators (URLS) that identify the location of these
files on the Internet. If there is difficulty accessing these files contact the ISO Central Secretariat, or
contact the SO TC 184/SC4 Secretariat directly at: scAdsec@cme.nist.gov.

Vi
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|ndustrial automation systems and integration —

Product data representation and exchange —

Part 28:

| mplementation methods: XML representation of EXPRESS
driven data

1

Scope

This part of 1SO 10303 specifies use of the Extensible Markup Language (XML) to enable the
transfer of both schemas and data specified using the EXPRESS information specification language
(1SO 10303-11).

The following are within the scope of this part of 1SO 10303.

a)

b)

The specification of an architectural XML DTD that enables any EXPRESS schema and/or data
conforming to that schema to be encoded as XML.

Note 1 This generic DTD is referred to as a late-bound DTD in that it uses an approach that is
independent of the schema. It allows for a number of choicesin how EXPRESS-driven data is encoded.

The means by which to define other XML DTD's that are wholly or partly based on an EXPRESS
schema such that the correspondence between the XML elements and the architectural DTD can
be identified and used.

Note 2 There are many ways in which a given EXPRESS schema can be used to define an XML DTD
that can be used to encode the data described by the schema. The approach used here is not to specify a
single early-bound DTD but instead to specify how architectures as defined in 1SO 10744 (HyTime)
can be applied to enable multiple XML DTD’s.

The specification of a procedure by which an early bound DTD can be generated that corresponds
to an EXPRESS schema and enables data conforming to that schemato be encoded as XML. This
procedure generates a DTD that preserves the naming and semantics of the EXPRESS

The specification of an Object Serialization Early Binding that enables encoding of objects
described by EXPRESS and is compatible with other object models.

Note 3 This binding is specifically suited to inter-process communication within a multi-process
computing environment.

The following are outside of the scope of this part of 1SO 10303.

Vii



| SO/WD 10303-28:1999(E) © 1580
a) The specification of any specific mapping to XML from the EXPRESS language where the form
of the mapping is dependent on the specific EXPRESS schema
b) The specification of a mapping from an XML DTD to an EXPRESS schema.
Note 4 Given an XML DTD and one or more data sets corresponding to it, it is feasible to define an

EXPRESS schema describing the data. However, this requires an understanding of the semantics of the
data that may not be captured by the XML DTD.

2 Normativereferences

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of 1SO 10303. For dated references, subsequent amendments to, or
revisions of, any of these publications do not apply. However, parties to agreements based on this part
of 1SO 10303 are encouraged to investigate the possibility of applying the most recent editions of the
normative documents indicated below. For undated references, the latest edition of the normative
document referred to applies. Members of 1SO and IEC maintain registers of currently valid
International Standards.

ISO/IEC 8824-1:1995, Information technology — Open systems interconnection — Abstract syntax
notation one (ASN.1) — Part 1: Specification of basic notation.

SO 10303-1:1994, Industrial automation systems and integration — Product data representation and
exchange — Part 1. Overview and fundamental principles.

ISO 10303-11:1994, Industrial automation systems and integration — Product data representation
and exchange — Part 11: Description methods: The EXPRESS language reference manual.

SO 10303-11: ????, Industrial automation systems and integration - product data representation and

exchange - Part 11: Description methods: The EXPRESS |language reference manual. Amendment 1

ISO 8879:1986, Information processing — Text and office systems — Standard Generalized Markup
Language.

W3C XML What is the most authoritative source?

ISO/IEC 10744:1997, Information processing — Hypermedia/Time-based structuring language
(HyTime).

OMG XMI documentation.

3 Termsand definitions

3.1 Termsdefined in 1SO 10303-1

For the purposes of this part of 1SO 10303, the following terms defined in 1SO 10303-1 apply.
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— data

— information.

3.2 Termsdefined in SO 10303-11
For the purposes of this part of 1SO 10303, the following terms defined in 1SO 10303-11 apply.
— entity instance;

3.3 Termsdefined in SO 8879

For the purposes of this part of 1SO 10303, the following terms defined in 1SO 8879 apply.
— dlement;

— empty element;

— tag.

34 Termsdefined in ISO/IEC 10744

For the purposes of this part of 1SO 10303, the following terms defined in 1ISO/IEC 10744 apply.
— Architectural Engine;

— Architectural forms;

— Base architecture

— Client DTD.

3.5 Other terms and definitions

For the purposes of this part of 1SO 10303, the following terms and definitions apply.

351
EXPRESS-driven data
Datathat is known to correspond to an identified EXPRESS schema

Note: Such data can aways be transformed into a set of entity instances according to one of the 1ISO 10303
implementation methods.
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3.5.2

Entity Data Type Reference

An XML-element that specifies the instance identifier of an element and serves as a reference to that

element from the point at which the Entity Data Type Reference element appears.
Note: In other words, an Entity Data Type Reference is a "pointer” to another element instance. The Entity
Data Type Reference Declaration does not correspond to any EXPRESS declaration, but rather is derived
from an EXPRESS entity data type declaration. The name of Entity Data Type Reference declaration is
caled the Entity Data Type Reference Identifier. See Error! Reference source not found. for an
explanation of this concept.

353

Synthetic Element Type

An XML element declaration that corresponds to an EXPRESS complex entity data type which
contains multiple supertypes.

Note: See 4.6 for afurther explanation of the term and the rationale behind it.

3.6 Abbreviations

For the purpose of this part of 1SO 10303, the following abbreviations apply.
— DTD Document Type Declaration;

— HyTime Hypermedia/Time-based structuring language

— SGML Standard Generalized Markup Language;

— XML Extensible Markup Language.

3.7 Terminology

EXPRESS and XML use similar or identical words for different concepts. Where there is scope for
confusion the prefixes of XML- and EXPRESS- are used to distinguish between the different cases.
These prefixes are used for the following terms:

— Attribute.

4 Fundamental concepts and assumptions

The EXPRESS language is used to specify information. Such a specification is given as an EXPRESS
schema. SO 10303 provides multiple implementation methods that can be used for data described by
means of an EXPRESS schema.

The Extensible Markup Language (XML) is asubset of SGML that is has been specified to enable
generic SGML to be served, received, and processed on the World-Wide Web. It provides a syntax for
describing and encoding of documents, where the content of the document may be structured
information as well as or instead of free text.
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This part of 1SO 10303 specifies how XML can be applied to both EXPRESS schemas and data
corresponding to EXPRESS schemas. It is assumed that an EXPRESS schema s available.

4.1 Early and Late binding

Given an EXPRESS schema specifying some information, it is possible to use two different
approaches in defining an XML DTD for the same information. These two approaches are: Late
Binding and Early Binding.

— A Late Bound DTD can be used in the same manner for any EXPRESS schema. It does not define
any constructs that are specific to the schema.

— An Early Bound DTD is based on the specific schema and embeds specific aspects, such as names
or structures, from the schemainthe DTD.

There are many possible DTD's that can be constructed for both the late and early bindings. In this
part of 1SO 10303 one DTD is specified for the late bound casein clause ??. This DTD also includes
the ability to represent EXPRESS schemas in XML as well as data corresponding to an EXPRESS
schema. The elements used for representing datain the late-bound DTD may also be used as a base
architecture for defining early bound DTD’s. Clause ?? presents a procedure for constructing early
bound DTD’s that conform to the late bound DTD by means of using the architectural forms provided
by 1SO 10744.

Note: Annex ?? presents a different approach to generating early bound DTD’s corresponding to an
EXPRESS schema. This aternative does not make use of architectural forms.

4.2 Useof Architectural forms

This part of 1SO 10303 makes use of the SGML/HyTime (ISO 10744) concept of architectural forms.
Given adocument in XML that corresponds with a particular DTD, architectural forms provide a
standard mechanism for processing it asif it were consistent with another DTD (the meta-DTD or
base architecture).

Thisis achieved by identifying, by means of XML-attributes, the relationship between the two DTD's
such that an application can recognise an element defined in one DTD as equivalent to an element in
the meta-DTD and process the data according to the meta-DTD.

SGML/HyTime architectures place constraints on the extent of differences between the two DTD's.
The alowed flexibility is as follows:

— Choice of names for element types;
— Choice of names for attributes;
— Choice of using attributes or content for data items;

— Ability to define additiona ‘wrapper’ element types which do not appear in the base architecture;
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— Ability to define extra data which does not appear at all in the base architecture.

This part of 1SO 10303 defines alate bound DTD that is used as the base architecture that can be used
to define multiple early-bound DTD's. Thiswill allow early-bound data sets to be viewed asif they
were defined in terms of either the late-bound DTD. Thus software written against the late bound
DTD can, without modification, process data that complies with any compliant early-bound DTD.

An early-bound DTD is compliant if it has the late-bound DTD as its base architecture.

Late Bound DTD

for EXPRESS-driven — Early bound
Data DTD

Figure 1 Relationship between DTD's

Note: Figure 1 shows the relationship between the different DTD's included and enabled by this part of 1SO
10303. This approach gives flexibility in defining early-bound DTD's that can be optimised for different
purposes, e.g., for display, for data exchange, for compactness.

5 Conformances

5.1 Conformance of a document

A document (or “file”) conforms to this part of this International Standard if it conforms to one of the
DTDs specified herein, as defined by 1SO 8879. Any document that conforms to this part of this
International Standard is governed by an EXPRESS schema and shall also conform to that schemain
one of the following three ways, called conformance classes:

Conformance class 1: A document that conveys an EXPRESS data model comprising one or more
EXPRESS schemas conforms to the EXPRESS binding if it conveys al of the elements of that data
model, encoded as specified in clause 7.
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Conformance class 2: A document that conveys a data set described by an EXPRESS schema
conforms to a late binding of that EXPRESS schema if it contains all of the information units in that
data set, encoded as specified in clause 6.

Conformance class 3: A document that conveys a data set described by an EXPRESS schema
conforms to an early binding of that EXPRESS schema if it contains all of the information units in that
data set, encoded as specified in clause 5.

[ SOME clause should specify the form of a document that conveys the schema AND the late-bound or
early-bound data.]

5.2 Conformance as a pre-processor

A software application that produces documents that conform to this part of this International
Standard as specified in 4.1 is said to conform as a pre-processor. An application may conform as a
pre-processor for arbitrary EXPRESS schemas, or it may conform as a pre-processor for certain
EXPRESS schemas only. A conforming pre-processor shall specify the classes of conforming
documents it can produce and the EXPRESS schemas to which they conform.

5.3 Conformance as a post-processor

A software application is said to conform as a post-processor if it accepts documents that conform to
this part of this International Standard as specified in 4.1 and interprets them as specified in Part 11.
An application may conform as a post-processor for arbitrary EXPRESS schemas, or it may conform
as a post-processor for certain EXPRESS schemas only. A conforming post-processor shall specify
the classes of conforming documents it can accept and the EXPRESS schemas to which they conform.

[Whereas Part 21 and the Burkett early-binding document both describe two levels of conformance
-- syntactic and “ semantic” -- | think “semantic” conformanceisreally out of scope of Part 28 (and

Part 21). The semantics of Part 28 is limited to the semantics of Part 11 and the semantics of
SGML/XML. I

6 Latebound XML representation of EXPRESS and EXPRESS-driven
data.

An XML DTD’s are specified that can be used to encode the following:
— One or more EXPRESS schemas,

— One or more data sets, each corresponding to an EXPRESS schema;
— A combination of EXPRESS schemas and corresponding data

For each data set the EXPRESS schema shall always be identified athough it need not be encoded as
XML.
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The late bound DTD is designed to act as a base architecture for the definition of early bound DTD's
that can then be processed according to the late bound DTD. The design of this DTD includes options
that facilitate the specification of early-bound DTD's.

The principle of the late-bound format isasingle DTD for any Express model. Multiple data sections
can be put into asingle file and each will have data for a particular schema. All entities and attributes
are referenced explicitly: The model may or may not be in the same file.

Thevarious'_ref' elements are used for these references. The'_literal' values are defined in a way
that is consistent with the language definition.

6.1 LateBound DTD elementsfor XML representation of EXPRESS

The following XML element declarations are based on the syntax of the EXPRESS language (ISO
10303-11). They are specified in aphabetical order. The XML element ??? defines the root of the
structure.

<?xm version="1.0" encodi ng="UTF-8" 7>

<! DOCTYPE | SO 10303-data [

<l ELEMENT 1 SO 10303 _data (docunentati on?, (schema_decl | data)*)>
1>

The details of the elements used to encode an EXPRESS schema (schema_decl) and a data set
corresponding to an EXPRESS schema (data) are specified in this sub-clause.

<I ELEMENT express_driven_data ((enbedded_remark | tail _remark)?,
(schema_decl * | data)*)>
<I ATTLI ST express_driven_data

express-producti on CDATA #FI XED "#NONE" >

<! ELEMENT data (TBA)>
<I ATTLI ST dat a
express-producti on CDATA #FI XED "#NONE" >

Annex ??? provides a table identifying the correspondence between the syntax of EXPRESS and the
elements specified here.

The documentation element allows for the inclusion of character data as annotation of the EXPRESS
and data. The documentation element is used instead of providing an XML mapping from the
comment syntax of EXPRESS. ?7?77??

6.2 LateBound DTD elementsfor XML representation of EXPRESS

The details of the elements used to encode an EXPRESS schema (schema._decl) are specified in this
sub-clause. The elements are listed in aphabetic order.

Each element specified in this sub-clause shall be used to represent the EXPRESS construct specified
by an EXPRESS syntax production. The applicable production has the same name as the lement
unless the XML -attribute express-production specifies a different name, in which case the element
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shall be used to represent the construct specified by the syntax rule named in the express-production
attribute value.

<! ELEMENT abs EMPTY>

<l ELEMENT abstract _supertype ((enbedded remark | tail_remark)?,
(entity_ref

| supertype_one_of | supertype_and_or | supertype_and)?)>

<I ATTLI ST abstract_supertype

expr ess-producti on CDATA #FI XED "abstract _supertype_decl arati on" >

<! ELEMENT acos EMPTY>

<! ELEMENT add EMPTY>
<! ATTLI ST add

express-production CDATA #FI XED "+" >

<I ELEMENT aggregate_initializer ((enbedded remark | tail_remark)?,
el ement _|ist)>

<I ELEMENT aggregate_source ((enbedded_remark | tail _remark)?,
(aggregate_initializer | entity_constructor | enuneration_reference

interval | query | binary_literal | integer_literal | logical_litera
|

real literal | string_literal | attribute_ref | const_e | pi | self
unknown | constant _ref | function_call | parameter_ref | variable_ref

popul ation | qualified_factor | bracketed_expression | unary_op
factor |
term| sinple_expression))>
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<I ELEMENT aggregate_type ((enbedded_renmark

(aggregate_type
| general _array_type | general bag_type

general _set_type | generic_type | entity_

bool ean

| integer | logical | nunber | real | string),

type_l abel _ref)?)>

<I ELEMENT al gorithm head ((enbedded_remark

tail _remark)?,

general _list_type

ref | type_ref

| binary |

(type_l abel _id

tail _remark)?,

decl arati on_bl ock?, constant_bl ock?, |ocal variabl e_bl ock?)>

<IELEMENT alias_stnt ((enbedded_remark

(paraneter_ref | variable_ref), qualifier?,

<! ELEMENT and EMPTY>

<I ELEMENT applies_to_entities ((enbedded_

entity ref+)>
<I ATTLI ST applies_to_entities

tail _remark)?,

variable_id,

st at enent _bl ock) >

remark | tail _remark)?,

expr ess-producti on CDATA #FI XED "rul e_head" >

<l ELEMENT array_type ((enbedded_remark
base_type, optional ?, unique?)>

<! ELEMENT asi n EMPTY>

10

tail _remark)?,

i ndex_spec,
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<I ELEMENT assi gnment _stnt ((enbedded_remark | tail _remark)?,
(paraneter_ref
| variable ref), qualifier?, (aggregate_initializer

entity_constructor | enuneration_reference | interval | query |
binary_literal

integer literal | logical literal | real literal | string_literal
attribute ref | const_e | pi | self | unknown | constant_ref
function_call | parameter_ref | variable_ref | popul ation

qualified_factor | bracketed_expression | unary_op | factor | term|
si mpl e_expression | relation_expression))>

<! ELEMENT at an EMPTY>

< ELEMENT attribute_id (#PCDATA) >
<I ATTLI ST attribute_id
id|D # MPLI ED >

<! ELEMENT attribute_ref (#PCDATA)>
<I ATTLI ST attribute_ref

refid | DREF #|l MPLI ED

reftype CDATA "attribute_id" >

<l ELEMENT bag _type ((enbedded_remark | tail_remark)?, bound_spec?,
base_type) >

<l ELEMENT base_type ((enbedded_remark | tail _remark)?, (array_type

bag type | list_type | set_type | binary | bool ean | integer
| ogi cal
nunber | real | string | entity ref | type_ref))>

11
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<I ELEMENT binary ((enbedded_remark | tail _remark)?, w dth_spec?)>
<l ATTLI ST bi nary

expr ess-producti on CDATA #FI XED "bi nary_type" >

<IELEMENT binary_literal (#PCDATA) >

<l ELEMENT bl engt h EMPTY>

<! ELEMENT bool ean EMPTY>
<! ATTLI ST bool ean

expr ess-producti on CDATA #FI XED "bool ean_type" >

<I ELEMENT bound_spec ((enbedded_remark | tail_remark)?, |ower_bound,
upper _bound) >

<l ELEMENT br acket ed_expressi on ((enbedded_remark | tail _remark)?,
(aggregate_initializer | entity_constructor | enuneration_reference

interval | query | binary literal | integer_literal | logical litera
|

real literal | string_literal | attribute_ref | const_e | pi | self

| unknown | constant _ref | function_call | paraneter _ref

variable_ref |

popul ation | qualified_factor | bracketed_expression | unary_op
factor |

term| sinple_expression | relation_expression))>

<I ATTLI ST br acket ed_expr essi on

express-producti on CDATA #FI XED "()" >
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<l ELEMENT case_action ((enbedded_remark | tail _remark)?, case_l abel
(alias_stm | assignnent_stnt | case_stnt | statenent_bl ock
escape_stnt

if_stnt | null_stm | procedure_call_stnt | repeat_stnt | return_stm

|
skip_stnt))>

<!l ELEMENT case_| abel ((enbedded remark | tail _remark)?,
(aggregate_initializer

entity_constructor | enuneration_reference | interval | query |
binary literal | integer literal | logical literal | real _literal
string_literal | attribute ref | const_e | pi | self | unknown
constant _ref | function_call | paraneter_ref | variable_ref

popul ati on |
qualified_factor | bracketed_expression | unary_op | factor | term|
si nmpl e_expression | relation_expression)+)>

<I ELEMENT case_stnt ((enbedded_remark | tail _remark)?,
(aggregate_initializer | entity_constructor | enuneration_reference

interval | query | binary_literal | integer_literal | logical_litera
|

real literal | string_literal | attribute_ref | const_e | pi | self
unknown | constant_ref | function_call | parameter_ref | variable_ref

popul ation | qualified_factor | bracketed_expression | unary_op
factor |

term| sinple_expression | relation_expression), case_action*,
ot herw se?) >

<I ELEMENT conpl ex_entity_constructor EMPTY>
<I ATTLI ST conpl ex_entity_constructor

express-producti on CDATA #FI XED "||" >

<I ELEMENT const ant _bl ock ((enbedded_remark | tail _remark)?,
const ant _decl *) >
<! ATTLI ST constant bl ock

13
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expr ess-producti on CDATA #FI XED "const ant _decl " >

<l ELEMENT constant _decl ((enbedded_remark | tail _remark)?,
constant _id,
base type, (aggregate_initializer | entity_constructor

enuneration_reference | interval | query | binary_literal

i nteger_literal

| logical literal | real literal | string_literal | attribute_ref
const _e

| pi | self | unknown | constant_ref | function_call | paraneter_ref

| variable ref |

popul ation | qualified_factor | bracketed_expression | unary_op
factor |

term| sinple_expression | relation_expression))>

<! ATTLI ST const ant _decl

expr ess-producti on CDATA #FI XED "const ant _body" >

<I ELEMENT constant _id (#PCDATA) >
<! ATTLI ST constant __id
id|D # MPLI ED >

<I ELEMENT constant _i nport ((enbedded_remark | tail _remark)?,
constant id,

constant _ref)>

<I ATTLI ST const ant _i nport

expr ess-producti on CDATA #FI XED "resource_or _renane" >

<I ELEMENT const ant _ref (#PCDATA) >
<I ATTLI ST constant _ref

refid | DREF #|l MPLI ED

reftype CDATA "constant _id" >

<! ELEMENT const _e EMPTY>
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<! ELEMENT cos EMPTY>

<I ELEMENT decl arati on_bl ock ((enbedded_remark | tail _remark)?,
(entity_decl

| function_decl | procedure_decl | type_decl)*)>

<! ATTLI ST decl arati on_bl ock

expr ess-producti on CDATA #FI XED "decl aration" >

<I ELEMENT derived_attr ((enbedded_remark | tail _remark)?,
(attribute_id | qualified_attribute),
base type, (aggregate_initializer | entity_constructor

enuneration_reference | interval | query | binary_literal

i nteger_literal

| logical literal | real literal | string_literal | attribute_ref
const _e

| pi | self | unknown | constant_ref | function_call | paraneter_ref

variable_ref | population | qualified_ factor | bracketed_expression
unary_op | factor | term| sinple_expression | relation_expression))>

<I ELEMENT derive_cl ause ((enbedded_remark | tail _remark)?,
derived_attr+)>

<I ELEMENT domai n_rul e ((enbedded_remark | tail _remark)?, | abel?,
| ogi cal _expression) >

15
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<I ELEMENT el ement _item ((enbedded_remark | tail _remark)?,
(aggregate_initializer | entity_constructor | enuneration_reference

interval | query | binary_literal | integer_literal | logical_litera
|

real literal | string_literal | attribute_ref | const_e | pi | self
unknown | constant_ref | function_call | parameter_ref | variable_ref

popul ation | qualified_factor | bracketed_expression | unary_op
factor | term|

si nmpl e_expression | relation_expression), repetition?)>

<I ATTLI ST el enment _item

expr ess-producti on CDATA #FI XED "el enent" >

<l ELEMENT el ement _|ist ((enbedded_remark | tail _remark)?,
el ement _itent)>
<I ATTLI ST el enment _|i st

express-producti on CDATA #FI XED "el enent" >

<! ELEMENT enbedded_remar k (#PCDATA | enbedded_remarKk)*>

<IELEMENT entity_constructor ((enbedded remark | tail_remark)?,

entity_ref,

(aggregate_initializer | entity_constructor | enuneration_reference
interval | query | binary_literal

integer literal | logical literal | real literal | string_literal
attribute ref | const_e | pi | self | unknown | constant_ref
function_call | parameter_ref | variable_ref | popul ation

qualified_factor | bracketed_expression | unary_op | factor | term|
si mpl e_expression | relation_expression)*)>

<IELEMENT entity_decl ((enbedded_remark | tail _remark)?, entity_id,
(abstract _supertype | supertype_of)?, subtype_of ?,
explicit_attr_bl ock?, derive_clause?, inverse_clause?, unique_clause?,
wher e_cl ause?) >
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<! ELEMENT entity id (#PCDATA)>
<I ATTLI ST entity id
id 1D # MPLIED >

<IELEMENT entity_inport ((enbedded_remark | tail_remark)?,
entity ref)>
<I ATTLI ST entity_inport

expr ess-producti on CDATA #FI XED "resource_or_renane" >

<l ELEMENT entity_ref (#PCDATA) >
<I ATTLI ST entity_ref
refid | DREF #l MPLI ED
reftype CDATA "entity_id" >

<I ELEMENT enunerati on ((enbedded_remark | tail _remark)?,
enumner ati on_i d+) >
<! ATTLI ST enunerati on

expr ess-producti on CDATA #FI XED "enunerati on_type" >

<I ELEMENT enuneration_id (#PCDATA) >
<I ATTLI ST enuneration_id
id|D # MPLI ED >

<I ELEMENT enumer ati on_ref (#PCDATA) >
<I ATTLI ST enunerati on_ref

refid | DREF #|l MPLI ED

reftype CDATA "enuneration_id" >

entity_id,
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<I ELEMENT enunerati on_reference ((enbedded remark | tail_remark)?,
type_ref?, enuneration_ref)>

<!l ELEMENT equal EMPTY>

<!l ELEMENT escape_stnt EMPTY>

<! ELEMENT exi sts EMPTY>

<! ELEMENT exp EMPTY>

<l ELEMENT explicit_attr ((enbedded_remark | tail_remark)?
(attribute_id
qualified_attribute), optional?, base type)>

<l ELEMENT explicit_attr_block ((enbedded_remark | tail _remark)?,
explicit_attr+)>
<I ATTLI ST explicit_attr_block

express-producti on CDATA #FI XED "explicit_attr" >
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<l ELEMENT factor (raise_to_power, (aggregate_initializer

entity_constructor | enuneration_reference | interval | query |
binary_literal

integer literal | logical literal | real literal | string_literal
attribute ref | const_e | pi | self | unknown | constant_ref
function_call | parameter_ref | variable_ref | popul ation

qualified_factor | bracketed_expression | unary_op),
(aggregate_initializer

| entity _constructor | enuneration_reference | interval | query |
binary literal | integer literal | logical literal | real _literal
string_literal | attribute_ ref | const_e |pi | self | unknown
constant _ref | function_call | paraneter_ref

variable_ref | population | qualified_ factor | bracketed_expression
unary_op)) >

<! ELEMENT f al se EMPTY>

<! ELEMENT fi xed EMPTY>

<l ELEMENT formal _paraneter ((enbedded remark | tail_remark)?
paraneter _id,
(aggregate_type | general _array_type | general _bag type

general _list_type
| general set_type | generic_type | entity ref | type_ref | binary |
bool ean | integer | logical | nunber | real | string))>

<I ELEMENT formal _paraneter_bl ock ((enbedded_remark | tail _remark)?,
formal _paraneter*)>
<I ATTLI ST formal _paramnet er _bl ock

expr ess-producti on CDATA #FI XED "formal _paraneter™ >

<! ELEMENT format EMPTY>
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<I ELEMENT function_call ((enbedded remark | tail_remark)?, (abs

acos |

asin | atan | blength | cos | exists | exp | format | hibound

hi i ndex |

length | lobound | loindex | log | log2 | 1ogl0 | nvl | odd | rol esof
| sin

| sizeof | sqrt | tan | typeof | usedin | value | value_in

val ue_uni que

function_ref), (aggregate_initializer |entity_constructor

enuneration_reference | interval | query |

binary literal | integer literal | logical literal | real _literal
string_literal | attribute ref | const_e | pi | self | unknown
constant _ref | function_call | paraneter_ref | variable_ref

popul ati on |
qualified_factor | bracketed_expression | unary_op | factor | term|
si mpl e_expression | relation_expression)*)>

<I ELEMENT function_decl ((enbedded_remark | tail_remark)?,
function_id,

formal _paraneter_bl ock?, function_return_type, algorithm head?,
st at enent _bl ock) >

<I ELEMENT function_id (#PCDATA) >
<I ATTLI ST function_id
id|D # MPLI ED >

<l ELEMENT function_i nport ((enbedded_remark | tail _remark)?,
function_id,

function_ref)>

<I ATTLI ST functi on_i nport

expr ess-producti on CDATA #FI XED "resource_or_renane" >

<l ELEMENT function_ref (#PCDATA) >
<I ATTLI ST function_ref

refid | DREF #|l MPLI ED

reftype CDATA "function_id" >
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<IELEMENT function_return_type (aggregate_type | general _array_type

general _bag type | general list_type | general _set_type
generic_type | entity ref | type_ref | binary |
bool ean | integer | logical | nunber | real | string)>

<I ATTLI ST function_return_type

express-producti on CDATA #FI XED "par aneter_type" >

<l ELEMENT general _array_type ((enbedded remark | tail_remark)?,
(aggregate_type | general _array_type | general _bag type

general _list_type

| general _set_type | generic_type | entity ref | type_ref | binary |
bool ean | integer | logical | nunber | real | string), bound_spec?,
optional ?, unique?)>

<l ELEMENT general _bag type ((enbedded_remark | tail _remark)?,
(aggregate_type | general _array_type | general _bag type

general _list_type
| general _set_type | generic_type | entity ref | type_ref | binary |
bool ean | integer | logical | nunber | real | string), bound_spec?)>

<l ELEMENT general _|ist_type ((enbedded_remark | tail _remark)?,
(aggregate_type | general _array_type | general _bag type

general _list_type

| general set_type | generic_type | entity ref | type_ref | binary |
bool ean | integer | logical | nunber | real | string), bound_spec?,
uni que?) >

<l ELEMENT general _set _type ((enbedded_remark | tail _remark)?,
(aggregate_type | general _array_type | general _bag type

general _list_type
| general set_type | generic_type | entity ref | type_ref | binary |
bool ean | integer | logical | nunber | real | string), bound_spec?)>

21
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<I ELEMENT generic_type ((enbedded_remark |
(type_l abel _id |
type_l abel _ref)?)>

<l ELEMENT greater_t han EMPTY>

<l ELEMENT greater_t han_or_equal EMPTY>

<! ELEMENT hi bound EMPTY>

tail _remark)?,

<I ELEMENT hi gh_i ndex ((enbedded _remark | tail _remark)?,

(integer _literal |
numer i c_expression)) >
<! ATTLI ST hi gh_i ndex

express-producti on CDATA #FI XED "i ndex_2" >

<! ELEMENT hi i ndex EMPTY>

<IELEMENT if_stnt ((enbedded_remark | tail _

| ogi cal _expression,
st at ement _bl ock, statenent bl ock?) >

<l ELEMENT i nport _all EMPTY>
<I ATTLI ST i nport _all

22
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express-producti on CDATA #FI XED "#NONE" >

<! ELEMENT i n EMPTY>

<I ELEMENT i ncrenment ((enbedded_remark | tail _remark)?
(integer _literal | nunmeric_expression))>

<I ELEMENT i ncrenment _control ((enbedded_remark | tail _remark)?,
variable_id,
| ower _bound, upper_bound, increnent?)>

<! ELEMENT i ndet er m nat e EMPTY>
<! ATTLI ST i ndet er m nat e

expr ess- producti on CDATA #FI XED "?" >

<I ELEMENT i ndex_qualifier ((enmbedded remark | tail_remark)?,
| ow i ndex,
hi gh_i ndex?) >

<I ELEMENT i ndex_spec ((enbedded_remark | tail _remark)?, |ow_index,

hi gh_i ndex?) >
<I ATTLI ST i ndex_spec

expr ess-producti on CDATA #FI XED "bound_spec" >

<! ELEMENT i nsert EMPTY>

23
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<l ELEMENT i nstance_equal EMPTY>
<I ELEMENT i nst ance_not _equal EMPTY>
<l ELEMENT i nt eger EMPTY>
<I ATTLI ST i nt eger
express-producti on CDATA #FI XED "i nt eger _type" >
<l ELEMENT i nt eger _di vi de EMPTY>
<I ATTLI ST i nt eger _di vi de
expr ess-producti on CDATA #FI XED "Dl V' >
<IELEMENT integer_literal (#PCDATA) >
<IELEMENT interface_specification_block ((enbedded_remark
tail _remark)?,
(reference_from| use_from+)>
<I ATTLI ST interface_specification_bl ock
express-producti on CDATA #FI XED "interface_specification" >
<l ELEMENT interval ((enbedded remark | tail_remark)?
(interval _low_ inclusive | interval | ow exclusive), interval _item

24

(interval _high_inclusive | interval _high_exclusive))>
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<I ELEMENT i nterval _hi gh_excl usive ((enbedded_remark | tail _remark)?,
(aggregate_initializer | entity_constructor | enuneration_reference

interval | query | binary_literal | integer_literal | logical_litera
|

real literal | string_literal | attribute_ref | const_e | pi | self
unknown | constant _ref | function_call |paraneter_ref | variable_ref

| population | qualified_factor

bracket ed_expression | unary_op | factor | term|
si npl e_expression)) >

<I ATTLI ST i nterval _hi gh_excl usi ve

expr ess-producti on CDATA #FI XED "interval _hi gh" >

<l ELEMENT i nterval _high_inclusive ((enbedded_remark | tail_remark)?,
(aggregate_initializer | entity_constructor | enuneration_reference

interval | query | binary_ literal | integer_literal | logical litera
|

real literal | string_literal | attribute_ref | const_e | pi | self
unknown | constant_ref | function_call | parameter_ref | variable_ref

popul ation | qualified_factor | bracketed_expression | unary_op
factor |

term| sinple_expression))>

<I ATTLI ST i nterval _hi gh_i ncl usi ve

expr ess-producti on CDATA #FI XED "interval _hi gh" >

<IELEMENT interval _item ((enbedded_remark | tail_remark)?
(aggregate_initializer | entity_constructor | enuneration_reference
interval | query | binary literal | integer_literal | logical litera
|

real literal | string_literal | attribute_ref | const_e | pi | self
unknown | constant_ref | function_call

paranmeter_ref | variable_ref | population | qualified_factor

bracket ed_expression | unary_op | factor | term|

si npl e_expression)) >

25
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<I ELEMENT i nterval _| ow _exclusive ((enbedded_remark | tail _remark)?
(aggregate_initializer | entity_constructor | enuneration_reference

interval | query | binary_literal | integer_literal | logical_litera
|

real literal | string_literal | attribute_ref | const_e | pi | self
unknown | constant_ref | function_call | parameter_ref | variable_ref

| population | qualified_factor

bracket ed_expression | unary_op | factor | term|
si npl e_expression)) >

<I ATTLI ST interval | ow excl usive

expr ess-producti on CDATA #FI XED "interval _| ow' >

<I ELEMENT interval _| ow_inclusive ((enbedded_remark | tail _remark)?
(aggregate_initializer | entity_constructor | enuneration_reference

interval | query | binary literal | integer_literal | logical litera
|

real literal | string_literal | attribute_ref | const_e | pi | self
unknown | constant _ref | function_call | parameter_ref | variable_ref

popul ation | qualified_factor | bracketed_expression | unary_op
factor |

term| sinple_expression))>

<I ATTLI ST interval | ow_ i ncl usive

express-producti on CDATA #FI XED "interval _| ow' >

<l ELEMENT inverse_attr ((enbedded_remark | tail_remark)?
(attribute_id

qualified_ attribute), entity ref, attribute_ref, (inverse_set
i nverse_bag) ?) >

<I ELEMENT i nverse_bag ((enbedded_remark | tail _remark)?,
bound_spec?) >
<I ATTLI ST i nverse_bag

expr ess-producti on CDATA #FI XED "BAG' >
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<I ELEMENT i nverse_cl ause ((enbedded_remark | tail _remark)?,

i nverse_attr+)>

<l ELEMENT i nverse_set ((enbedded_remark | tail_remark)?

bound_spec?) >
<I ATTLI ST i nverse_set

expr ess-producti on CDATA #FI XED " SET" >

<! ELEMENT | abel (#PCDATA) >

<l ELEMENT | engt h EMPTY>

<! ELEMENT | ess_t han EMPTY>

<I ELEMENT | ess_t han_or_equal EMPTY>

<! ELEMENT | i ke EMPTY>

<IELEMENT Ilist_type ((enbedded_remark | tail _remark)?
base_type, unique?)>

<! ELEMENT | obound EMPTY>

bound_spec?,
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<l ELEMENT | ocal _vari abl e_bl ock ((enbedded_remark | tail _remark)?,
| ocal _vari abl e_decl *) >
<I ATTLI ST | ocal _vari abl e_bl ock

expr ess-producti on CDATA #FI XED "Il ocal _decl " >

<I ELEMENT | ocal _vari abl e_decl ((enbedded_remark | tail _remark)?,
variable_id, (aggregate _type | general _array_type | general bag_type

general list_type | general _set_type | generic_type | entity_ref
type_ref

| binary | boolean | integer | logical | nunber | real | string),
(aggregate_initializer | entity_constructor | enuneration_reference
interval | query | binary literal | integer_literal

logical literal | real literal | string_literal | attribute_ ref
const _e

pi | self | unknown | constant_ref | function_call | paraneter_ref

variable_ref | population | qualified factor | bracketed_expression
unary op | factor | term| sinple_expression

rel ati on_expression)?)>

<I ATTLI ST | ocal _vari abl e_decl

expr ess-producti on CDATA #FI XED "Il ocal _vari able" >

<! ELEMENT | og EMPTY>

<! ELEMENT | 0g10 EMPTY>

<! ELEMENT | 0g2 EMPTY>

<l ELEMENT | ogi cal EMPTY>
<I ATTLI ST I ogi cal
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express-producti on CDATA #FI XED "I ogi cal _type" >

<I ELEMENT | ogi cal _expression ((enbedded remark | tail_remark)?,
(aggregate_initializer | entity_constructor | enuneration_reference

interval | query | binary_literal | integer_literal | logical_litera
|

real literal | string_literal | attribute_ref | const_e | pi | self
unknown | constant _ref | function_call | parameter_ref | variable_ref

popul ation | qualified_factor | bracketed_expression | unary_op
factor | term| sinple_expression | relation_expression))>

<IELEMENT Il ogical _literal ((enbedded remark | tail_remark)?, (false
true
| unknown))>

<! ELEMENT | oi ndex EMPTY>

<I ELEMENT | ower _bound ((enbedded_remark | tail _remark)?,
(integer_literal

nuneri c_expressi on)) >

<! ATTLI ST | ower _bound

expr ess-producti on CDATA #FI XED "bound_1" >

<I ELEMENT | ow_i ndex ((enbedded_remark | tail _remark)?,
(integer_literal

nuneri c_expressi on)) >

<l ATTLI ST | ow_i ndex

express-producti on CDATA #FI XED "i ndex_1" >

<! ELEMENT nod EMPTY>
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<! ELEMENT nul tiply EMPTY>
<! ATTLI ST mul tiply

express-production CDATA #FI XED "*" >

<I ELEMENT negate EMPTY>
<I ATTLI ST negate

expr ess-producti on CDATA #FI XED "-" >

<! ELEMENT not EMPTY>

<l ELEMENT not _equal EMPTY>

<! ELEMENT nul | _stmt EMPTY>

<! ELEMENT number EMPTY>

<I ELEMENT nuneri c_expression ((enbedded remark | tail_remark)?,
(aggregate_initializer | entity_constructor | enuneration_reference

interval | query | binary literal | integer_literal | logical litera
| real literal | string_literal | attribute ref | const_e | pi
self | unknown | constant_ref | function_call | paraneter_ref

variable_ref | population | qualified_ factor | bracketed_expression
unary_op | factor | term| sinple_expression))>

<! ELEMENT nvl EMPTY>



<! ELEMENT odd EMPTY>

<! ELEMENT optional EMPTY>

<! ELEMENT or EMPTY>

<! ELEMENT ot herwi se ((enbedded_remark |
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tail _remark)?, (alias_stnt |

assignment _stnmt | case_stnt | statenent_block | escape_stnt | if_stnt

null _stnt | procedure_call _stnt | repeat_stm | return_stnt |

skip_stnt))>

<l ELEMENT paraneter_id (#PCDATA) >
<I ATTLI ST paraneter_id
id|D # MPLI ED >

<! ELEMENT par anet er _ref (#PCDATA) >
<I ATTLI ST paraneter_ref

refid | DREF #|l MPLI ED

reftype CDATA "paraneter_id" >

<! ELEMENT pi EMPTY>

<! ELEMENT pl us EMPTY>
<! ATTLI ST pl us
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express-production CDATA #FI XED "+" >

<l ELEMENT popul ation ((enbedded remark | tail _remark)?, entity ref)>

<I ELEMENT preci sion_spec ((enbedded_remark | tail _remark)?,
(integer _literal | nunmeric_expression))>

<I ELEMENT procedure_call_stm ((enbedded_remark | tail _remark)?,
((insert |
renove | procedure_ref), (aggregate_initializer | entity_constructor

enuneration_reference | interval | query | binary_literal

i nteger_literal

| logical literal | real literal | string_ literal | attribute_ref
const _e

| pi | self | unknown | constant_ref | function_call | paraneter_ref

variable_ref | population | qualified_ factor | bracketed_expression
unary op | factor | term| sinple_expression
rel ati on_expression)*))>

<I ELEMENT procedure_decl ((enbedded_remark | tail _remark)?,
procedure_id,

procedure_formal _paraneter_bl ock?, algorithm head?,

st at ement _bl ock?) >

<I ELEMENT procedure_formal _paraneter_bl ock ((enbedded_remark
tail _remark)?, (formal _paraneter | var_fornmal _paraneter)*)>
<I ATTLI ST procedure_formal _paraneter_bl ock

expr ess-producti on CDATA #FI XED "formal _parameter™ >

<I ELEMENT procedure_id (#PCDATA) >
<I ATTLI ST procedure_id
id|D # MPLI ED >



<I ELEMENT procedure_i nport ((enbedded_re
procedure_id, procedure_ref)>
<I ATTLI ST procedure_i nport
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mark | tail _remark)?,

expr ess-producti on CDATA #FI XED "resource_or _renane" >

<! ELEMENT procedure_ref (#PCDATA) >
<I ATTLI ST procedure_ref

refid | DREF #|l MPLI ED

reftype CDATA "procedure_id" >

<IELEMENT qualified_attribute ((enbedded_remark | tail _remark)?,
entity ref, attribute_ref)>

<IELEMENT qualified_factor ((enbedded_re
(attribute_ref | const_e | pi | self | u
function_call |paraneter_ref | variable_

qualifier)>

<I ATTLI ST qualified_factor

mark | tail _remark)?,
nknown | constant _ref
ref | popul ation),

express-producti on CDATA #FI XED "qual ifi able_factor" >

<l ELEMENT qualifier
|

entity_ref | index_

((enmbedded_r emar k

qualifier)*)>

<l ELEMENT query ((enbedded_remark | tai

(aggr egat e_source,
<! ATTLI ST query

| ogi cal _expression))>

tail _remark)?, (attribute_ref

_remark)?, variable_id,

expr ess-producti on CDATA #FI XED "query_expression” >
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<l ELEMENT rai se_to_power EMPTY>
<I ATTLI ST rai se_t o_power

expr ess-producti on CDATA #FI XED "**" >

<l ELEMENT real ((enbedded_remark | tail _remark)?,
<! ATTLI ST real

express-producti on CDATA #FI XED "real _type" >

<! ELEMENT real divide EMPTY>

<I ATTLI ST real _divide

expr ess-producti on CDATA #FI XED "/" >

<IELEMENT real _literal (#PCDATA) >

<I ELEMENT reference_from ((enbedded_remark | tail _

schema_ref,

(inport_all | (constant_inport | entity_inport |
procedure_inmport | type_inport)+))>

<I ATTLI ST reference_from

preci si on_spec?) >

remar k) ?,

function_inport |

expr ess-producti on CDATA #FI XED "ref erence_cl ause"” >
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<I ELEMENT rel ati on_expressi on ((enbedded_remark | tail _remark)?,
(1 ess_than

| greater_than | less_than_or_equal | greater_than_or_equal

not _equal

equal | instance_not_equal | instance_equal | in | like),
(aggregate_initializer | entity_constructor | enuneration_reference
interval | query | binary literal | integer_literal | logical litera
|

real literal | string_literal | attribute_ref | const_e | pi | self
unknown | constant_ref | function_call | paranmeter_ref | variable_ref

| population | qualified_factor
bracket ed_expression | unary_op | factor | term| sinple_expression),
(aggregate_initializer | entity_constructor | enuneration_reference

interval | query | binary_literal | integer_literal | logical_litera
|

real literal | string_literal | attribute_ref | const_e | pi | self
unknown | constant_ref | function_call | parameter_ref | variable_ref

popul ation | qualified_factor | bracketed_expression | unary_op
factor |

term| sinple_expression))>

<I ATTLI ST rel ati on_expressi on

expr ess-producti on CDATA #FI XED "expressi on" >

<! ELEMENT r enmove EMPTY>

<I ELEMENT repeat _control ((enbedded_remark | tail _remark)?,
i ncrenent _control, while?, until?)>

<I ELEMENT repeat _stm ((enbedded_remark | tail _remark)?,
repeat _control
st at enent _bl ock) >

<I ELEMENT repetition ((enbedded remark | tail_remark)?,
(integer_literal
numer i c_expression)) >
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<IELEMENT return_stm ((enbedded_remark | tail _remark)?,
(aggregate_initializer | entity_constructor | enuneration_reference

interval | query | binary literal | integer_literal

logical literal | real literal | string_literal | attribute_ ref
const _e

pi | self | unknown | constant_ref | function_call | paraneter_ref

variable_ref | population | qualified_ factor | bracketed_expression
unary op | factor | term| sinple_expression
rel ati on_expression)?)>

<! ELEMENT r ol esof EMPTY>

<l ELEMENT rul e_decl ((enbedded_remark | tail _remark)?, rule_id,
applies_to_entities, algorithm head?, statenent_bl ock?,
wher e_cl ause) >

<! ELEMENT rul e_i d (#PCDATA) >

<l ELEMENT schena_decl ((enbedded_renmark | tail _remark)?, schena_id,
i nterface_specification_block?, constant_block?, (entity_decl
function_decl | procedure_decl | type_decl | rule_decl)*)>

<I ELEMENT schena_i d (#PCDATA) >
<I ATTLI ST schenma_id
id|D # MPLI ED >

<l ELEMENT schenma_ref (#PCDATA)>
<I ATTLI ST schena_r ef
refid | DREF #|l MPLI ED
reftype CDATA "schema_id" >
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<l ELEMENT sel ect ((enbedded_renmark | tail _remark)?, (entity_ref
type_ref)+)>
<I ATTLI ST sel ect

expr ess-producti on CDATA #FI XED "sel ect _type" >

<! ELEMENT sel f EMPTY>

<l ELEMENT set _type ((enbedded_remark | tail_remark)?, bound_spec?,
base_type) >

<I ELEMENT si npl e_expression ((enbedded_remark | tail _remark)?, (add
subtract | or | xor), (aggregate_initializer | entity_constructor

enuneration_reference | interval | query | binary_literal

i nteger_literal

| logical literal | real literal | string_literal | attribute_ref
const _e

| pi | self | unknown | constant_ref | function_call | paraneter_ref

| variable_ ref | population | qualified_factor
bracket ed_expression | unary_op | factor | term,
(aggregate_initializer

entity_constructor | enuneration_reference | interval | query |
binary literal | integer literal | logical literal | real _literal
string_literal | attribute ref | const_e | pi | self | unknown
constant _ref | function_call | paraneter_ref | variable_ref

popul ati on |
qualified_factor | bracketed_expression | unary op | factor | term)>

<! ELEMENT sin EMPTY>

<! ELEMENT si zeof EMPTY>
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<I ELEMENT ski p_stnt EMPTY>

<I ELEMENT sqrt EMPTY>

<l ELEMENT st at ement _bl ock ((enbedded_remark | tail _remark)?,
(alias_stm |
assignment _stnt | case_stnt | statenent_block | escape_stnt | if_stnt

null _stnt | procedure_call _stnt | repeat_stmt | return_stnt |
skip_stnt)+)>
<! ATTLI ST st at enment bl ock

express-producti on CDATA #FI XED "stnmt" >

<IELEMENT string ((enbedded_remark | tail _remark)?, w dth_spec?)>
<I ATTLI ST string

expr ess-producti on CDATA #FI XED "string_type" >

<IELEMENT string_literal (#PCDATA) >

<! ELEMENT subtract EMPTY>
<! ATTLI ST subtract

expr ess- producti on CDATA #FI XED "-" >

<! ELEMENT subtype_of ((enbedded remark | tail _remark)?, entity ref+)>
<I ATTLI ST subtype_of
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expr ess-producti on CDATA #FI XED "subt ype_decl arati on" >

<I ELEMENT supertype_and ((enbedded_remark | tail_remark)?,
(entity_ref

supertype_one_of | supertype_and_or | supertype_and)+)>

<I ATTLI ST supertype_and

expr ess-producti on CDATA #FI XED "supertype_rul e" >

<l ELEMENT supertype_and_or ((enbedded_remark | tail _remark)?,
(entity_ref | supertype_one_of

supertype_and_or | supertype_and)+)>

<I ATTLI ST supertype_and_or

expr ess-producti on CDATA #FI XED "supertype_rul e" >

<I ELEMENT supertype_of ((enbedded remark | tail_remark)?, (entity_ref

|
supertype_one_of | supertype_and_or | supertype_and))>
<I ATTLI ST supertype_of

expr ess-producti on CDATA #FI XED "supertype_rul e" >

<I ELEMENT supertype_one_of ((enbedded_remark | tail _remark)?,
(entity_ref

supertype_one_of | supertype_and_or | supertype_and)+)>

<I ATTLI ST supertype_one_of

expr ess-producti on CDATA #FI XED "one_of " >

<l ELEMENT tail _remark (#PCDATA)*>

<!l ELEMENT tan EMPTY>
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<IELEMENT term ((rmultiply | real _divide | integer_divide | nod | and
|

conplex_entity_constructor), (aggregate_initializer
entity_constructor

enuneration_reference | interval | query | binary_literal

i nteger_literal

| logical literal | real literal | string_literal | attribute_ref
const_e | pi | self | unknown | constant_ref

function_call | parameter_ref | variable_ref | popul ation

qualified_factor | bracketed_expression | unary _op | factor | term,
(aggregate_initializer | entity_constructor | enuneration_reference

interval | query | binary_literal | integer_literal | logical_litera
|

real literal | string_literal | attribute_ref | const_e | pi | self
unknown | constant _ref | function_call | parameter_ref | variable_ref

popul ation | qualified_factor | bracketed_expression | unary_op
factor | term)>

<! ELEMENT true EMPTY>

<! ELEMENT typeof EMPTY>

<l ELEMENT type_decl ((enbedded_remark | tail _remark)?, type_id,
under | yi ng_t ype, where_cl ause?) >

<! ELEMENT type_id (#PCDATA) >
<! ATTLI ST type_id
id 1D # MPLIED >

<l ELEMENT type_inport ((enbedded_remark | tail_remark)?, type_id,
type_ref)>
<I ATTLI ST type_i nport
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express-producti on CDATA #FI XED "resource_or _renane" >

<! ELEMENT type_l abel _id (#PCDATA) >
<I ATTLI ST type_I| abel _id
id|D # MPLI ED >

<I ELEMENT type_| abel _ref (#PCDATA) >
<I ATTLI ST type_I| abel _ref

refid | DREF #|l MPLI ED

reftype CDATA "type_l abel _id" >

<! ELEMENT type_ref (#PCDATA) >
<I ATTLI ST type_ref
refid | DREF #|l MPLI ED
reftype CDATA "type_id" >

<I ELEMENT unary_op ((enbedded _remark | tail_remark)?, (plus | negate
|

not), (binary_ literal | integer_literal | logical _literal

real _literal |

string_literal | attribute ref | const_e | pi | self | unknown
constant _ref | function_call | paraneter_ref | variable_ref

| popul ation | qualified_factor | bracketed_expression))>

<I ELEMENT underlying_type ((enbedded_remark | tail_remark)?,
(enuneration

select | array_type | bag type | list_type | set_type | binary |
bool ean |
integer | logical | number | real | string | type_ref))>

<! ELEMENT uni que EMPTY>
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<! ELEMENT uni que_cl ause ((enbedded_remark | tail _remark)?,
uni que_rul e+) >

<I ELEMENT uni que_rul e ((enbedded_remark | tail _remark)?, | abel?,
(attribute_ref | qualified_attribute)+)>

<! ELEMENT unknown EMPTY>

<IELEMENT until ((enbedded_remark | tail_remark)?
| ogi cal _expression) >
<! ATTLI ST until

express-producti on CDATA #FI XED "until _control" >

<! ELEMENT upper _bound ((enbedded_remark | tail _remark)?,
(i ndeterm nate |

integer_literal | nuneric_expression))>

<I ATTLI ST upper _bound

expr ess-producti on CDATA #FI XED "bound_2" >

<! ELEMENT usedi n EMPTY>

<I ELEMENT use_from ((enbedded_remark | tail_remark)?, schema_ref,

(inport_all | (entity_inport | type_inport)+))>
<I ATTLI ST use_from

expr ess-producti on CDATA #FI XED "use_cl ause" >
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<! ELEMENT val ue EMPTY>

<! ELEMENT val ue_in EMPTY>

<l ELEMENT val ue_uni que EMPTY>

<l ELEMENT vari abl e_id (#PCDATA) >
<I ATTLI ST variable_id
id|D # MPLI ED >

<l ELEMENT vari abl e_ref (#PCDATA) >
<I ATTLI ST vari abl e_ref

refid | DREF #|l MPLI ED

reftype CDATA "variable_id" >

<I ELEMENT var _formal _paraneter ((enbedded_remark | tail_remark)?
paranmeter_id, (aggregate_type | general _array_type | general _bag_type

general _list_type | general _set_type | generic_type | entity_ref
|type_ref | binary | boolean | integer | logical | number | real
string))>

<I ATTLI ST var _fornmal _paraneter

expr ess-producti on CDATA #FI XED "formal _parameter™ >

<I ELEMENT where_cl ause ((enbedded_remark | tail _remark)?,
domai n_rul e+) >
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<I ELEMENT whil e ((enbedded_remark | tail _remark)?,
| ogi cal _expression) >
<I ATTLI ST whi l e

express-producti on CDATA #FI XED "while_control" >

<I ELEMENT wi dt h_spec ((enbedded _remark | tail _remark)?,
(integer _literal |
nuneri c_expression), fixed?)>

<! ELEMENT xor EMPTY>

6.3 LateBound DTD elementsfor XML representation of EXPRESS

The details of the elements used to encode a data set corresponding to an EXPRESS schema (data) are
specified in this sub-clause.

This clause specifies DTD elements necessary for the late-bound XML representation of EXPRESS-
driven data. It uses some elements specified in clause 6.2.

Note: The DTD alows for two different ways to handle instances of EXPRESS entities that are part of a

supertype/subtype hierarchy: these use the nested _complex_entity instance and
flat_complex_entity instance.

6.3.1 Thearray_literal element

<IELEMENT array literal (binary_ literal | integer_literal |

| ogical literal

| real literal | string_literal | bag_literal | list_literal |
set _literal

| array literal | type_literal | nested_conplex_entity_instance |

flat_conmplex_entity_instance | sinple_entity_instance |
entity_instance_ref
| unknown)*>
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6.3.2 Theattribute instance element

<IELEMENT attribute_instance (binary_literal | integer_literal |
logical literal | real literal | string_literal | bag literal |
list literal | set_literal | array_literal | type_literal |

nested_conplex_entity_instance | flat_conplex_entity_instance |
sinmple_entity_instance | entity_instance_ref)>
<I ATTLI ST attribute_instance

express_attribute_nanme NMIOKEN #REQUI RED >

6.3.3 Theauthor eement

<! ELEMENT aut hor (#PCDATA) >

6.3.4 Theauthorisation element

<! ELEMENT aut hori sati on (#PCDATA) >

6.3.5 Thebag_literal element

<IELEMENT bag literal (binary literal* | integer_literal* |

logical literal* | real literal* | string_literal* | bag literal* |
list literal* |

set literal* | array_literal* | type_literal* |
(nested_conplex_entity_instance | flat_conplex_entity_instance |
sinple_entity_ instance | entity_instance_ref)*)>

6.3.6 Thebinary_literal element
<IELEMENT binary_literal (#PCDATA) >

<I ATTLI ST binary_literal
notation (hex | base64) #REQUI RED >

6.3.7 Theconstant_instances element

<I ELEMENT constant _i nstances (nested_conplex_entity_i nstance |
flat_conmplex_entity_instance | sinple_entity_instance)*>
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6.3.8 Thedata element
<I ELEMENT data (data_section_header?, schema_instance)>

<! ATTLI ST dat a
data id | D #REQUI RED >

6.3.9 Thedata section_description element

<I ELEMENT dat a_secti on_description (description*)>

6.3.10 Thedata section_header element

<l ELEMENT dat a_secti on_header (data_section_description
dat a_secti on_nane) >

6.3.11 Thedata section_identification_name element

<I ELEMENT data_section_identificati on_nane (#PCDATA) >

6.3.12 Thedata section_name element
<l ELEMENT data_section_nane (data_section_identification_nane,
ti me_stanp,

aut hor, organi sation, preprocessor_version, originating_system
aut hori sati on) >

6.3.13 Thedescription element

<I ELEMENT descri pti on (#PCDATA) >

6.3.14 Theentity_instance element
<IELEMENT entity_instance_ref EMPTY>

<I ATTLI ST entity_instance_ref
entity_instance_idref |DREF #REQUI RED >
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6.3.15 Theenumeration_ref element

<I ELEMENT enumer ati on_ref (#PCDATA) >

6.3.16 Theflat_complex_entity instance element

<l ELEMENT fl at_conpl ex_entity_instance (partial _entity_instance+)>
<I ATTLI ST fl at_conpl ex_entity_instance
entity_instance_id I D #REQUI RED >

6.3.17 Theinteger_literal element

<IELEMENT integer_literal (#PCDATA) >

6.3.18 ThelS0O-10303-data element

<! ELEMENT | SO 10303-data (data+)>

6.3.19 Thelist_literal element
<IELEMENT list_literal (binary_ literal* | integer_literal*
logical literal* | real literal* | string_literal* | bag literal*
list literal* | set literal* | array_literal* | type_literal*

(nested_conplex_entity_instance | flat_conplex_entity_instance
sinple_entity instance | entity_instance_ref)*)>

6.3.20 Thelogical _literal element

<IELEMENT logical _literal (false | true | unknown)>
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6.3.21 Thenested complex_entity instance element

<I ELEMENT nested_conpl ex_entity_instance (attribute_instance*,
nest ed_conpl ex_entity_instance_subitent)>
<I ATTLI ST nested_conpl ex_entity_instance
express_entity_nane NMIOKEN #REQUI RED
express_schenma_nane NMIOKEN #l VPLI ED >
<I ATTLI ST nested_conpl ex_entity_instance
entity_instance_id I D #REQUI RED >

6.3.22 The nested_complex_entity _instance_subitem element

<I ELEMENT nested_conpl ex_entity_instance_subitem

(attribute_instance*,

nest ed_conpl ex_entity_instance_subitent)>

<I ATTLI ST nested_conpl ex_entity_instance_subitem
express_entity _nane NMIOKEN #REQUI RED
express_schenma_nane NMIOKEN #| MPLI ED
entity_instance_id I D # MPLI ED >

6.3.23 The non_constant_instances element

<I ELEMENT non_const ant _i nstances (nested_conpl ex_entity_instance |
flat_conmplex_entity_instance | sinple_entity_instance)*>

6.3.24 The organisation element

<I ELEMENT or gani sati on (#PCDATA) >

6.3.25 The originating_system element

<I ELEMENT ori gi nati ng_syst em ( #PCDATA) >
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6.3.26 The partial_entity instance element

<l ELEMENT partial _entity_instance (attribute_instance*)>
<I ATTLI ST partial _entity_instance
express_entity _nane NMIOKEN #REQUI RED
express_schenma_nane NMIOKEN #| MPLI ED
entity_instance_id I D # MPLI ED >

6.3.27 The preprocessor _version element

<I ELEMENT pr eprocessor_versi on (#PCDATA) >

6.3.28 Thereal literal element

<IELEMENT real _literal (#PCDATA) >

6.3.29 The schema instance element

<I ELEMENT schena_i nst ance (constant _i nst ances,
non_const ant _i nst ances) >
<I ATTLI ST schenma_i nst ance

express_schema_nane NMIOKEN #REQUI RED >

6.3.30 Theset literal element

<IELEMENT set literal (binary literal* | integer_literal* |

logical literal* | real literal* | string_literal* | bag literal* |
list literal* | set_literal* | array_ literal* | type_literal* |
(nested_conplex_entity_instance | flat_conplex_entity_instance |
sinple_entity instance | entity_instance_ref)*)>

6.3.31 Thesimple entity instance element

<IELEMENT sinple_entity_instance (attribute_instance*)>
<I ATTLI ST sinple_entity_instance
express_entity_nane NMIOKEN #REQUI RED
express_schenma_nane NMIOKEN #| MPLI ED
entity_instance_id I D #REQUI RED >
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6.3.32 Thestring_literal element

<IELEMENT string_literal (#PCDATA) >

6.3.33 Thetime _stamp element

<! ELEMENT ti me_stanp (#PCDATA) >

6.3.34 Thetype element

<IELEMENT type literal (binary_ literal | integer_literal |

| ogical literal

| real literal | string_literal | bag_ literal | list_literal |
set literal

| array_ literal | type_literal | nested_conplex_entity_instance |

flat_conmplex_entity_instance | sinple_entity_instance |
entity_instance_ref
| enuneration_ref)>
<I ATTLI ST type_literal
express_type_name NMICKEN #REQUI RED
express_schema_nane NMIOKEN #l| VPLI ED >

7 Early bound DTD

This clause presents a procedure by which early-bound DTD’s corresponding to an EXPRESS schema
may be generated such that the results are architecturally compatible with the late bound DTD defined
in clause 5.

7.1 Fundamental concepts of the ???

XML principally establishes relationships among tagged elements through embedded structure. In
order to mirror the referencing behavior of EXPRESS, this specification introduces the convention of
an artificial, empty XML element that serves as the "pointer" from one element (i.e., an XML
encoding of an instance of an EXPRESS entity data type) to another. This artificial element is created
by appending the Entity Data Type identifier with the characters "-ref". The new element isreferred to
as an Entity Data Type Reference Identifier.

NOTE: A hyphen was chosen as a delimiter to prevent possible name conflicts with EXPRESS identifiers.
Since hyphens are not legal characters in EXPRESS identifiers, but are legal in XML, there is no possibility
that the name created for the Entity Data Type Reference element declaration will clash with an EXPRESS
identifier.
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EXAMPLE The following is an example of how the "pointing behavior" of EXPRESS instances is mirrored
in the early-bound XML mapping. For the EXPRESS declarations:

ENTI TY product;

END_ENTI TY;

ENTI TY product _definition_formation;
of _product : product;

END_ENTI TY;

The XML declaration is:

<l ELEMENT product EMPTY>

<I ATTLI ST pr oduct
id | D #REQU RED>

<!l ELEMENT product-ref EMPTY>

<I ATTLI ST product -ref
refid | DREF #REQUI RED>

<! ELEMENT product _definition_formation

(product _definition_formation.of product)>
<I ELEMENT product _definition_formation.of _product (product-ref)>

7.2 Early binding specification

7.2.1 Preconditions and limitations

Use/apply outline numbered procedural steps that process an EXPRESS schema and produce a set of
XML declarations.

The following preconditions are assumed:
(1) Syntactically correct EXPRESS schema;
(2) The schema shall not contain EXPRESS identifiers that begin with the characters "xml".

Note: Interface Specifications and Constants are two features of EXPRESS that are not handled in the
current algorithm, yet affect the instance population and should be part of the algorithm. Once questions
concerning the meaning of these features are resolved, then the algorithm will be modified to accommodate
them. 77?

7.2.2 Procedural specification

The following procedure assumes that a DTD file is being constructed and that the outputs of the
actions will add to or modify the contents of this DTD file.

1 Preparatory actions
1.1 Insert declarations for smple typesinto DTD (output file):

<! ELEMENT real (#PCDATA)>
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<I ATTLI ST real precision CDATA #l MPLIED >
<I ELEMENT i nteger (#PCDATA) >
<l ELEMENT nunber (real | integer)>

<! ELEMENT | ogi cal EMPTY>
<I ATTLI ST | ogi cal value (false | unknown | true ) #REQU RED >

<! ELEMENT bool ean EMPTY>
<I ATTLI ST bool ean value (false | true ) #REQU RED >

< ELEMENT string (#PCDATA )>
<I ATTLI ST string w dth CDATA # MPLI ED
fixed (fixed | not-fixed) "not-fixed" >

<! ELEMENT bi nary (#PCDATA )>
<I ATTLI ST binary w dth  CDATA #1 MPLI ED
fixed (fixed | not-fixed) "not-fixed">
NOTE — These simple type declarations could comprise a separate, standardized DTD apart from this
specification.

2 Step 2: For SCHENA declaration:
2.1 create an ELEMENT declaration:

211 the ELEMENT nameisthe SCHEMA identifier (i.e,. the schemaname)
appended with the string "-schema’;

NOTE - the appended string is necessary to disambiguate possible clashes of
schema name and entity or type names.

2.1.2 create content model and add the identifiers;

of all entity data typesin the EXPRESS schema that are not subtypes,
al synthetic element types created to resolve multiple supertypes,

to the content model of the SCHEMA ELEMENT separated with the XML
choice operator

2.1.3 Add the zero-or-more cardinality operator ("*") to the schema content model.
This denotes that zero or more entity instances may be contained in the
schema.

EXAMPLE For the schema:

SCHENMA application_content _schensg;
ENTITY entity_1; END _ENTITY;
ENTITY entity_2; END _ENTITY;
END_SCHEMA;

the corresponding XML element declaration is
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<I ELEMENT applicati on_context _schema-schema ( (entity_1 |
entity_2)*)>

2.2 create an ATTLI ST declaration for the SCHEMA ELENMENT

221 create an XML attribute called “id” which is of XML type ID and
#REQUIRED;

2.2.2 create an XML attribute called “version” which of XML type CDATA which
is#FIXED and has a value assigned according to an external convention.

2.2.3 Createan XML attribute called " express_source_concept_type", which is of
XML type CDATA which is#FIXED and has a value of “schema’, and
"express_name", which is of type CDATA, is#FIXED, and has a value equal
to the unqualified schema name.

EXAMPLE For the application_context_schema, the ATTLIST declaration would be:
<I ATTLI ST application_context_schema
id | D #REQU RED
ver si on CDATA #FI XED "

express_source_concept _type CDATA #FI XED ”"schema”
express_nanme CDATA #FI XED "appl i cati on_cont ext _schema">

2.3 Add the ELEMENT and ATTLIST declarations to the output DTD

3  For each EXPRESS TY PE declaration:

3.1 If itisnot a constructed type (i.e., it isnot an ENUMERATION TYPE or a SELECT
TYPE):

3.1.1 Createan ELEMENT declaration where the identifier of the element is the
same as the identifier of the TY PE.

3.1.2 Createan ATTLIST declaration for the TYPE ELEMENT with the XML
attribute " express_source_concept_type’ which is of XML type CDATA
which is#FIXED and has a value of “defined type’, , and "express_name”,
which is of type CDATA, is#FIXED, and has avalue equal to the
unqualified TY PE name.

3.1.3 Depending on the underlying type:
NOTE - the underlying type of an EXPRESS TY PE cannot be an entity identifier.
3.1.3.1 If theunderlying type is a simple type, add the corresponding simple
type ELEMENT identifier to the content model of the TY PE element

declaration.

EXAMPLE For the EXPRESS declaration:
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TYPE | abel = STRI NG
END_TYPE;
the corresponding XML element declaration is

<I ELEMENT | abel (string)>

<! ATTLI ST | abel
sour ce_express_concept _type CDATA #FI XED "defi ned-type"
express_nanme CDATA #FI XED "I abel ">

3.1.3.2 If theunderlying type is a defined type, enumeration type, or select
type, add the TYPE ELEMENT identifier of the underlying type to
the content model of the TYPE ELEMENT declaration.

EXAMPLE For the EXPRESS declarations:

TYPE | abel = STRING END TYPE;
TYPE position = | abel; END TYPE;
the XML element declaration for the second TYPE is

<! ELEMENT position (I abel)>
<I ATTLI ST position
sour ce_express_concept _type CDATA #FI XED
"entity-data-type"
express_nanme CDATA #FI XED "position">

3.1.3.3 If the underlying type is an aggregate:

31331 Addan XML attribute to the ATTLIST for the TYPE
called “aggregate_type” of type CDATA with a#FIXED
value corresponding to the aggregate type name (i.e.,
“set”, “list”, "bag", "array").

3.1.3.3.2 If theaggregateisa SET, BAG, or LIST, add XML
attributesto the ATTLIST for the TYPE ELEMENT
caled “min_bound” and “max_bound” of type CDATA
with a#FIXED value corresponding to the bound specs
of the aggregate.

3.1.3.3.3 If theaggregateisaLlST, add an XML attribute called
"list_unique" to the ATTLIST with value choice "(true |
false)" and default " ‘false' ".

3.1.3.34 If theaggregateisan ARRAY, add XML attributes to the
ATTLIST for the TYPE ELEMENT called “low_index”
and “high_index” of type CDATA with a#FIXED vaue
corresponding to the bound specs of the aggregate. Add
the XML attributes "array_optional" and "array_unique"
with value choice " (true | false)" and default " ‘false' .

3.1.3.35 Add the appropriate XML cardinality indicator (i.e., +, *)
to the content model of the Defined Type ELEMENT.
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TYPE nanmes = SET [1:3] OF STRING
END_TYPE;

the corresponding XML element declaration is

<I ELEMENT nanes (string+)>
<! ATTLI ST nanes
sour ce_express_concept _type CDATA
#FI XED "defi ned-type"
express_nane CDATA #FI XED " nanes"
aggregat e_type CDATA #FI XED “set”
m n_bound CDATA #FI XED “ 1~
max_bound CDATA #FI XED " 3" >

Description EXPRESS Cardinality XML Cardinality Operator
One or More [12:7], [2:n], [m:m]. [n:7] +
Zero or More [0:7], [O:n] *

NOTE — Because EXPRESS ARRAY S always contain at |east one element, the
cardinality of an ARRAY is aways One or More (thus requiring a"+" XML

operator).

3.1.3.3.6

3.1.3.3.7

EXAMPLE For the EXPRESS declaration:

If the base type of the aggregate is not another aggregate
and: (1) isasimple type, use 3.1.3.1 to complete the
definition of the underlying type; (2) isadeclared TYPE,
use 3.1.3.2 to compl ete the definition of the underlying
type; (3) isan entity, add the entity data type reference
identifier to the content model of the TY PE element
declaration.

If base type of the aggregate is another aggregate, create
an aggregate ELEMENT declaration with an identifier
equivalent to the TYPE ELEMENT identifier with the
string “-item” appended. Add thisELEMENT identifier
to the content model of the TYPE ELEMENT
declaration and go to 3.1.3 and process the new “-item”
ELEMENT asif itwereaTYPE. Add
"source_express_concept_type" attributeto ATTLIST of
aggregate element declaration with value of "aggregate-
element”. No "express name" attribute is specified for
unnamed aggregate elements.

TYPE matrix = ARRAY [1:3] OF
ARRAY[ 1: 4] OF REAL; END TYPE;

the corresponding XML element declaration is
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<IELEMENT matrix (matrix-itemt)>
<I ATTLI ST matri x
sour ce_express_concept _type CDATA
#FI XED "defi ned-type"
express_nanme CDATA #FI XED
"matrix"
aggregat e_type CDATA #FI XED “array”
| ow_i ndex CDATA #FI XED “ 1~
hi gh_i ndex CDATA #FI XED *“ 3~
array_unique (true | false) "fal se"
array_optional (true | false) "false">

<IELEMENT matrix-item (real +)>
<I ATTLI ST matrix-item
sour ce_express_concept _type CDATA
#FI XED "aggr egat e- el enent "
aggregat e_type CDATA #FI XED “array”
| ow_i ndex CDATA #FI XED “ 1~
hi gh_i ndex CDATA #FI XED *“ 4~
array_unique (true | false) "fal se"
array_optional (true | false) "false">

3.2 If the EXPRESS TY PE declaration isan ENUMERATION Type:

3.2.1 Createan ELEMENT declaration where the identifier of the element is the
same as the Enumeration TY PE identifier.

3.2.2 Replace content model with XML keyword EMPTY (i.e., make the
declaration an EMPTY ELEMENT).

3.2.3 Createan ATTLIST declaration for the Enumeration TYPE ELEMENT with
the following XML attributes:

3.2.3.1 “source_express_concept_type”, which is of XML type CDATA
which is#FIXED and has a value of "enumeration type",

3.2.3.2 "express_name", whichis of XML type CDATA which is #FIXED
and has a value of the EXPRESS TY PE identifier.

3.2.3.3 “vaue’ tothe ATTLIST for the Enumeration TY PE ELEMENT with
a choice of the enumeration values.

EXAMPLE For the EXPRESS declaration:

TYPE col our = ENUVMERATION OF (red, green, blue);
END_TYPE;
the corresponding XML element declaration is

<! ELEMENT col our EMPTY>
<! ATTLI ST col our
sour ce_express_concept _type CDATA #FI XED
"enunerati on-type"
express_nanme CDATA #FI XED "col our™
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value (red | green | blue) #REQU RED>
3.3 If the EXPRESS TY PE Declaration isa select TY PE,

3.3.1 Createan ELEMENT declaration where the identifier of the element is the
same as the Select TY PE identifier.

3.3.2 Createan ATTLIST declaration for the select TY PE ELEMENT with the
following XML attributes:

3.3.2.1 “source_express_concept_type’, whichis of XML type CDATA
which is#FIXED and has avalue of “select type”,

3.3.2.2 “express_name”, which is of XML type CDATA which is#FIXED
and has avalue of the EXPRESS TY PE identifier.

3.3.3 For each identifier in the EXPRESS Select list:

3.3.3.1 If theidentifier isthat of an EXPRESS entity data type, add the entity
data type reference identifier to the content model of the select TYPE
ELEMENT declaration.

3.3.3.2 If theidentifier isthat of an EXPRESS Type, add itsidentifier to the
content model of the select TYPE ELEMENT declaration.

3.3.3.3 If there are two or more elements in the select list, separate the
elements in the content model using the choice operator “|”.

EXAMPLE For the EXPRESS declaration:

TYPE vehicle = SELECT (car, boat, plane);
END_TYPE;
TYPE plane = STRING END TYPE;
ENTI TY car; END_ENTI TY;
ENTI TY boat; END_ENTI TY;
the corresponding XML element declaration is

<I ELEMENT vehicle (car-ref | boat-ref |
pl ane) >
<! ATTLI ST vehicle
sour ce_express_concept _type CDATA #FI XED
"sel ect-type"
express_name CDATA #FI XED "vehicl e">

4  For each EXPRESS entity data type declaration:

4.1 Create an ELEMENT declaration where the identifier of the element is the same as the
ENTITY identifier.

4.2 Create an ATTLIST declaration for the ENTITY ELEMENT declaration with XML
attributes called

421 “id” with an XML type of ID which is#REQUIRED.
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4.2.2 "source express_concept_type' with an XML type of CDATA and a
#FIXED value of "entity data type".

4.2.3 "express_name" with an XML type of CDATA and a#FIXED value of the
ENTITY identifier.

4.3 Create an entity data type reference ELEMENT declaration where the identifier isthe
entity data type reference identifier with a declared content model of EMPTY .

431 Createan ATTLIST declaration for the entity data type reference element
with an XML attribute called “refid” with an XML type IDREF which is
#REQUIRED.

4.3.2 Add attribute called "reftype” to the ATTLIST with an XML type of CDATA
#FIXED and avalue of "refid xxx" where xxx is the el ement type name of
thing pointed to.

EXAMPLE For the EXPRESS Declaration:

ENTITY car; END _ENTITY;
the corresponding XML element declarations are:

<!l ELEMENT car EMPTY>
<! ATTLI ST car
id I D #REQUI RED
sour ce_express_concept _type CDATA #FI XED
"entity-data-type"
express_nanme CDATA #FI XED "car">
<! ELEMENT car-ref EMPTY>
<! ATTLI ST car -ref
refid | DREF #REQUI RED
reftype CDATA #FI XED "refid car">

4.4 1f the ENTITY has no explicit attributes, insert the XML keyword EMPTY in place of the
content model for the ENTITY ELEMENT declaration and go to 4.4.6; otherwise, for each
EXPRESS explicit attribute of the ENTITY:

441 Create an ELEMENT declaration where the identifier isthe ENTITY
identifier and the EXPRESS attribute identifier concatenated with a“.” asa
separator.

4.4.2 Addthe attribute ELEMENT identifier to the content model of the ENTITY
ELEMENT declaration. If not the first particle in the content model, separate
from previous attribute element identifiers with acomma*“,”.

4.4.3 Depending on the data type of the attribute:
4.4.3.1 If the attribute data type is a simple type, add the identifier of the
simple type ELEMENT declaration to the content model of the
attribute ELEMENT declaration.

EXAMPLE For the EXPRESS declaration:
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ENTI TY car;
make : STRI NG
nodel : STRI NG
END_ENTI TY;

the corresponding XML element declarations are:

<I ELEMENT car (car.nmake, car.nodel)>
<! ATTLI ST car
id I D #REQUI RED
sour ce_express_concept _type CDATA #FI XED
"entity-data-type"
express_nanme CDATA #FI XED "car" >
<! ELEMENT car. make (string)>
<! ATTLI ST car. nake
sour ce_express_concept _type CDATA #FI XED
"attribute"
express_nanme CDATA #FI XED "nmake" >
<! ELEMENT car. nodel (string)>
<! ATTLI ST car . nodel
sour ce_express_concept _type CDATA #FI XED
"attribute"
express_name CDATA #FI XED "nodel ">

4.4.3.2 If the attribute data type is a defined type, enumeration type, or select
type, add the identifier of the TYPE ELEMENT declaration to the
content model of the attribute ELEMENT declaration.

EXAMPLE For the EXPRESS Declarations;

TYPE | abel = STRING END TYPE
ENTI TY car;
make : | abel
nodel : [ abel
END_ENTI TY;
the corresponding XML element declarations are:

<l ELEMENT | abel (string)>
<! ATTLI ST | abel
sour ce_express_concept _type CDATA #FI XED
"defined-type"
express_name CDATA #FI XED "I abel ">
<I ELEMENT car (car.nmake, car.nodel)>
<! ATTLI ST car
id I D #REQUI RED
sour ce_express_concept _type CDATA #FI XED
"entity-data-type"
express_nanme CDATA #FI XED "car" >
<! ELEMENT car. make (I abel)>
<! ATTLI ST car
sour ce_express_concept _type CDATA #FI XED
"attribute"
express_nanme CDATA #FI XED " nmake" >
<l ELEMENT car. nodel (I abel)>
<! ATTLI ST car
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444

sour ce_express_concept _type CDATA #FI XED
"attribute"
express_nanme CDATA #FI XED "nodel ">
4.4.3.3 If the attribute data type is an entity data type, add the entity data
type reference identifier to the content model of the attribute
ELEMENT declaration.

EXAMPLE For the EXPRESS declaration:

ENTI TY person;
owns : car;
END_ENTI TY
ENTI TY car;
make : STRI NG
nodel : STRING
END_ENTI TY,;
the corresponding XML element declarations are:

<! ELEMENT person (person.owns) >
<I ATTLI ST person
id I D #REQUI RED
sour ce_express_concept _type CDATA #FI XED
"entity-data-type"
express_nanme CDATA #FI XED " person">
<! ELEMENT person.owns (car-ref)>
<I ATTLI ST per son. owns
sour ce_express_concept _type CDATA #FI XED
"attribute"
express_nanme CDATA #FI XED "owns">
<I ELEMENT car (car.nmake, car.nodel)>
<! ATTLI ST car
id I D #REQUI RED
sour ce_express_concept _type CDATA #FI XED
"entity-data-type"
express_nanme CDATA #FI XED "car">
<! ELEMENT car-ref EMPTY>
<! ATTLI ST car -ref
refid | DREF #REQUI RED
reftype CDATA #FI XED "refid car">

If the attribute data type is an aggregate:

4.4.4.1 Add the appropriate identifier of the aggregate base type (as
determined in 4.4.3) to the content model of the attribute ELEMENT
declaration.

4.4.4.2 Addthe XML attribute aggregrate_type to the ATTLIST declaration
for the attribute ELEMENT declaration with the #FI XED value of
the aggregate type name.

4.4.4.3 If the aggregateisa SET, BAG, or LIST,

44431 add the cardinality operator "+" (for lower bound of 1 or
more) or "*" (for lower bound of O) to the identifier
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added to the content model of the attribute ELEMENT
declarationin 4.4.4.1.

4443.2 Addthe XML attribute min_bound and max_bound to
the ATTLIST declaration for the attribute ELEMENT
declaration with the #FI XED values derived from the
EXPRESS aggregate bound spec. If the bound
specification is not a fixed value (e.g., it is computed by
aderived attribute), then use #iMPLIED rather than
#FIXED.

44433 |If theaggregateisaLIST, add the XML attribute
"list_unique" to the ATTLIST with value choice "(true |
false)" and default " ‘false' .

4.4.4.4 If the aggregateisan ARRAY::

44441 addthe cardinality operator "+" to the identifier added to
the content modél of the attribute ELEMENT declaration
in4.4.4.1.

44442 Addthe XML attributeslow_index and high_index to
the ATTLIST declaration for the attribute ELEMENT
declaration with the #FIXED values derived from the
EXPRESS array bound spec.

44443 Addthe XML attributes "array_optiona" and
"array_unique" to the ATTLIST with value choice "(true
| false)" and default " ‘false' .

NOTE - Although the cardinality operator is"+", the EXPRESS
language asserts that there shall be a fixed number of aggregate
elements. Therefore, in an XML document instance, the aggregate
element should explicitly contain high_index-low_index+1 number
of sub-elements.

EXAMPLE For the EXPRESS declaration:

ENTI TY person;
owns : SET [1:7?] OF car;
END_ENTI TY
ENTI TY car; END_ENTI TY;
the corresponding XML element declarations are:

<! ELEMENT person (person.owns) >
<I ATTLI ST person
id I D #REQUI RED
sour ce_express_concept _type CDATA #FI XED
"entity-data-type"
express_nanme CDATA #FI XED " person">
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4.4.5

<I ELEMENT person. owns (car-ref+)>
<I ATTLI ST per son. owns
sour ce_express_concept _type CDATA #FI XED
"attribute"
express_nanme CDATA #FI XED "owns"
aggregat e_type CDATA #FI XED "set™
m n_bound CDATA #FI XED " 1"
max_bound CDATA #FI XED " ?" >

<!l ELEMENT car EMPTY>
<! ATTLI ST car
id I D #REQUI RED
sour ce_express_concept _type CDATA #FI XED
"entity-data-type"
express_nanme CDATA #FI XED "car" >

<! ELEMENT car-ref EMPTY>

<! ATTLI ST car-ref

refid | DREF #REQUI RED>
If the attribute data type is OPTIONAL, add the XML zero-or-one operator
"?' to the attribute ELEMENT identifier in the content model of the ENTITY
ELEMENT declaration.

EXAMPLE For the EXPRESS declaration:

ENTITY car;
make : STRI NG
model : LIST [1:3] OF STRING
nodel _year : OPTI ONAL | NTEGER
END_ENTI TY;
the corresponding XML element declarations are:

<l ELEMENT car (car.nmake, car.nodel,
car. nodel _year?) >
<! ATTLI ST car
id I D #REQUI RED
sour ce_express_concept _type CDATA #FI XED
"entity-data-type"
express_nanme CDATA #FI XED "car" >

<! ELEMENT car-ref EMPTY>

<! ATTLI ST car-ref

refid | DREF #REQUI RED

reftype CDATA #FI XED "refid car">

<! ELEMENT car. make (string)>
<! ATTLI ST car. nake
sour ce_express_concept _type CDATA #FI XED
"attribute"
express_name CDATA #FI XED " nmake" >
<I ELEMENT car. nodel (string+)>
<! ATTLI ST car . nodel
sour ce_express_concept _type CDATA #FI XED
"attribute"
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express_name CDATA #FI XED "nodel "
aggregate_type CDATA #FI XED "list"
m n_bound CDATA #FI XED " 1"
max_bound CDATA #FI XED " 3"
list_unique (true | false) "fal se">
<l ELEMENT car. nodel _year (integer)>
<I ATTLI ST car. nodel _year

sour ce_express_concept _type CDATA #FI XED
"attribute"
express_nanme CDATA #FI XED "nodel _year">

4.4.6 For each EXPRESS UNIQUE rule:
4.4.6.1 For each component of the UNIQUE rule:

446.1.1 Addthe XML attribute called "unique" to the ATTLIST
of the attribute ELEMENT corresponding to the
EXPRESS attribute to which the UNIQUE rule applies.
The type of the XML attribute is CDATA #FIXED. The
value of the XML attribute is constructed by appending
the UNIQUE rule label (or the seria position of the
UNIQUE if no label is present) with a"." and the
numeric position of the identifier in the rule.

EXAMPLE For the EXPRESS declaration:

ENTITY car;
serial _no : | NTEGER
vin : STRI NG
UNI QUE
URL: serial _no;
Vi n;
END _ENTI TY;

ENTI TY person;
owns : car;
name . STRI NG
ssn : | NTEGER;
UNI QUE

UR1l: nane, ssn;
END_ENTI TY;

the corresponding XML element declarations are:

(note: the "source_express_concept_type" and "express_name" attributes are
omitted from these examples for brevity.)

<l ELEMENT car (car.serial_no, car.vin)>
<! ATTLI ST car
id |D #l MPLI ED>

<l ELEMENT car.serial _no (integer)>
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<I ATTLI ST car.serial _no

uni que CDATA #FI XED " URL. 1" >
<l ELEMENT car.vin (string)>
<I ATTLI ST car.vin

uni que CDATA #FI XED "2.1">

<! ELEMENT car-ref EMPTY>

<! ATTLI ST car-ref

refid | DREF #REQUI RED

reftype CDATA #FI XED "refid car">

<I ELEMENT person (person.owns, person. nane,
per son. ssn) >

<I ATTLI ST person

id I D #l MPLI ED>

<! ELEMENT person.owns (car-ref)>
<! ELEMENT person. nane (string)>
<I ATTLI ST person. nane

uni que CDATA #FI XED "URL. 1" >
<! ELEMENT person. ssn (integer)>
<I ATTLI ST person. ssn

uni que CDATA #FI XED " URL. 2" >

<l ELEMENT person-ref EMPTY>
<I ATTLI ST person-ref
refid | DREF #REQUI RED>

4.5 If the ENTITY is asupertype and the subtype/supertype graph contains no entities with
multiple supertypes:

Note: for strictly hierarchical subtype/supertype graphs, the following portion of the
algorithm takes advantage of the hierarchical nature of XML and produce a natural
embedding of subtypes within supertypes.

45.1 Create an element with an identifier constructed by appending the string "-
subtypes' to the identifier of the ENTITY data type.

4.5.2 Add theidentifier created in 4.5.1 to the content model of the ENTITY
ELEMENT declaration as the last particle of the content model.

453 If theENTITY datatypeisnot an ABSTRACT supertype, add a"?" to the
content particle.

4.5.4 For the subgraph consisting of the ENTITY and its immediate subtypes,
evaluate the set of complex entity data types according to annex B of 1SO
10303-11.

4.5.4.1 Remove from this set the complex entity data corresponding to the
ENTITY inisolation (if present);
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4.5.4.2 Remove the supertype ENTITY partial complex entity data from
each member of the remaining set. (Thus, the remaining partial
complex instances in the set are the possible subtype combinations
allowed for the supertype.)

If the set in 4.5.4 is empty, insert the XML keyword EMPTY in place of the
content model of the ELEMENT created in 4.5.1. Otherwise, in the content
model of the ELEMENT created in 4.5.1, add particles separated by the
choice operator "[* where a particleis created for each member of the set in
4.5.4 asfollows:

455.1 If the member is asingle entity data type, the particle is the entity
data type identifier.

45.5.2 If the member is comprised of two or more entity data types, the
particle is a comma-separated, parenthesized list containing the
identifiers of the entity data types.

Factor the content model of the xxx-subtypes element created in 4.5.5
according to the factoring algorithm presented in Annex xxx.

4.6 If the ENTITY isasupertype and the subtype/supertype graph contains entities with
multiple supertypes, then process the entire subtype/supertype graph one time according to the

following steps:

Note - This part of the algorithm for subtype/supertype graphs that contain multiple
supertypes resultsin asingle ELEMENT declaration that corresponding to the complex
entity data type specified by the entire, complete subtype/supertype graph. This
ELEMENT declaration isa"synthetic" type with respect to the EXPRESS schema
because it does not correspond to any single EXPRESS entity declaration. Each
individual entity in the graph is still declared as an ELEMENT, but the only place that
the subtype instances of this element can appear is within the context of thislarge
"synthetic" type. The supertypes can be instantiated on their own in the schema element.

46.1

4.6.2

4.6.3

Create an ELEMENT declaration with an identifier constructed from the
names of the entities in the subtype/supertype graph. The name of the
element is constructed by concatenating the names of all the independently
instantiable entities in the subtype/supertype graph alphabetically using
"CamelCase" for differentiation of name components.

Create an ATTLIST declaration for the ELEMENT.!

Evaluate the set of complex entity data types according to annex B of 1SO
10303-11.

! What should go in this ATTLIST? What should the value of the "express_source_concept_type" attribute be?
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4.6.4 Remove from this set the complex entity data types corresponding to
supertypesin isolation (i.e., any singleton complex entity data types, any
simple entity data types);

46.5 Ifthesetin4.6.4isempty, insert the XML keyword EMPTY in place of the
content model of the ELEMENT created in 4.6.1. Otherwise, in the content
model of the ELEMENT created in 4.6.1, add particles separated by the
choice operator "[* where a particleis created for each member of the set in
4.6.4 asfollows:

4.6.5.1 If the member is asingle entity data type, the particle is the entity
datatype identifier.

4.6.5.2 If the member is comprised of two or more entity data types, the
particle is a comma-separated, parenthesized list containing the
identifiers of the entity data types in alphabetical order.

EXAMPLE For the EXPRESS declaration:

ENTITY truck;
axel _wei ght : REAL;
END_ENTI TY
ENTI TY boat ;
di spl acenent : REAL;
END_ENTI TY;
ENTI TY anphi bi ous_craft SUBTYPE OF (truck, boat);
subnersible : bool ean
END_ENTI TY;
ENTI TY commerci al _craft SUBTYPE OF (anphi bi ous_craft);
END_ENTI TY;

The conplex entity data types of this graph are
t ruck&boat &nphi bi ous_craft and
t ruck&boat &nphi bi ous_craft &ommerci al _craft.

Add to the content model of the synthetic element declaration the identifiers of
the ENTITY ELEMENT declarations corresponding to the entities involved in
the complex entity data type. The ordering of the elements in the content model
shall start with the supertypes in aphabetical order followed by the subtype(s).

46.6 The content model produced in 4.6.5 may not be syntactically legal.
Therefore the content model should be factored according to the algorithm
presented in Annex xxx.

The XML element declarations corresponding to the EXPRESS above are:

<IELEMENT truck (truck.axle_weight)>
<I ATTLI ST truck
id | D #REQU RED
sour ce_express_concept _type CDATA #FI XED "entity-data-

type"
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express_name CDATA #FI XED "truck">
<I ELEMENT truck. axl e_wei ght (real)>
<I ATTLI ST truck. axl e_wei ght
sour ce_express_concept _type CDATA #FI XED "attri bute"
express_nanme CDATA #FI XED "axl e_wei ght ">
<! ELEMENT truck-ref EMPTY>
<I ATTLI ST truck-ref
refid | DREF #REQUI RED
reftype CDATA #FI XED "refid truck">

<l ELEMENT boat (boat.di spl acenent) >

<! ATTLI ST boat

id I D #REQUI RED
sour ce_express_concept _type CDATA #FI XED "entity-data-
type"
express_nanme CDATA #FI XED "boat ">

<l ELEMENT boat . di spl acenent (real)>

<I ATTLI ST boat . di spl acenent
sour ce_express_concept _type CDATA #FI XED "attri bute"
express_name CDATA #FI XED "di spl acenent " >

<! ELEMENT boat -ref EMPTY>

<! ATTLI ST boat -r ef

refid | DREF #REQUI RED

reftype CDATA #FI XED "refid boat">

<I ELEMENT anphi bi ous_craft (anphi bi ous_craft. subnersible)>

<I ATTLI ST anphi bi ous_craft

id I D #REQUI RED
sour ce_express_concept _type CDATA #FI XED "entity-data-
type"
express_nanme CDATA #FI XED "anphi bi ous_craft">

<I ELEMENT anphi bi ous_craft. subnersi bl e (bool ean) >

<I ATTLI ST anphi bi ous_craft. subnersibl e
source_express_concept _type CDATA #FI XED "attri bute"
express_name CDATA #FI XED "subnersi bl e" >

<I ELEMENT anphi bi ous_craft-ref EMPTY>

<I ATTLI ST anphi bi ous_craft-ref

refid | DREF #REQUI RED

reftype CDATA #FI XED "refid anphi bi ous_craft">

<!l ELEMENT conmerci al _craft EMPTY>

<I ATTLI ST comrerci al _craft

id 1D #REQU RED
sour ce_express_concept _type CDATA #FI XED "entity-data-
type"
express_name CDATA #FI XED "comercial _craft">

<! ELEMENT conmmercial _craft-ref EMPTY>

<I ATTLI ST comrerci al _craft-ref

refid | DREF #REQUI RED

reftype CDATA #FI XED "refid comercial _craft">

<I-- the factored synthetic type is -->

<! ELEMENT Boat Tr uckAnphi bi ous_craft (boat, truck
anphi bi ous_craft, commercial craft?)>
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5

68

Optimization of DTD
5.1 Remove unused xxx-ref element type declarations;
5.2 Remove the ID for entity elements that are not referencable;
5.3 Remove unused primitives,
5.4 Remove any EMPTY xxx-subtype elements
5.5 Remove any EMPTY synthetic complex entity data type elements.
NOTE: The following two optimizations are provisionally included in this specification
E:err]]éjll :gg a decision whether they would be more appropriate for a future version of this

5.6 Collapse entity attributes with same role name and datatype into a single element
declaration that is used in multiple places.

5.7 Offer optional use of xxx-ref; instead of using it, include the referenced element directly
in the referencing element's content.
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Annex A
(normative)

Late Bound DTD elementsfor EXPRESS schema
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Annex B
(normative)

I nformation object registration

To provide for unambiguous identification of an information object in an open system, the abject
identifier

{ iso standard 10303 part(28) version(-1) }

is assigned to this part of 1SO 10303. The meaning of this value is defined in ISO/IEC 8824-1, and is
described in 1SO 10303-1.

B.1.1 Information identification

To provide for unambiguous identification of the ??? DTD in an open information system, the object
identifier

{ iso standard 10303 part(28) version(-1) object(1) ??2(1) }

is assigned to the ?? DTD (see clause ?7?). The meaning of this value is defined in ISO/IEC 8824-1,
and is described in 1SO 10303-1.

Assign other information identifiers as appropriate
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Annex C
(informative)

Object serialization early binding

This annex specifies an early binding based on viewing data as a series of objects. This binding may
be applied to sets of object instances that are specified by either an EXPRESS schema or by other
object-based specification approaches.

The text that follows is as supplied to the editors of this part of ISO 10303. It is presented herein
order to show the technical approach. The text itself is not yet in a form suitable for publication asa
standard and requires considerable further editing.

C.1 Background and context

This paper describes a concept of operations for implementing product data sharing between
applications using Web technologies. It includes some background and a description of the functional
and non-functional requirements of such afacility. Finally, it concludes with a description of a
binding from the EXPRESS information modeling language to XML. This binding supports the
requirements described below.

The XML product information Xchange file is one element of an enterprise solution which is
described in reference 1. A significant portion of the interoperability challenge entails the integration
of components through well specified interfaces, which are designed to hide the details of the
underlying implementation. In particular, these interfaces typically hide the specifics of the data
managed by components. The Xchange file, however, is specifically charged with enabling the
interchange of information between systems and business system domains. Consequently, it addresses
interoperability at the implementation (rather than the interface) level. The Xchange file format
provides the syntax as well as the minimum semantics required in order to serialize an object instance
(or agraph of object instances emanating from a single root object) and to re-materialize the serialized
data at a remote site/process. The Xchange file should be computer-interpretable by generally
available XML parsing software.

The focus of the Xchangefile is on the interchange of product information (and as such may be useful
for information with similar characteristics). Typical product information can be characterized as a
complex web of alarge number of entities and relations, which must be managed over long periods of
time. Nevertheless, it is often possible to divide product information into manageable-sized chunks for
the purpose of individual interchanges. In fact, the Xchange file is geared toward just such aggregates
of information, which are formulated as objects that correspond closely to the user's conceptua model
of the product information. This representation may very well be alayer on top of low-level,
normalized implementation entities defined using the EXPRESS information modeling language (eg
an Application Interpreted Model (AIM)). On the other hand, this representation could be alayer on
top of legacy data defined by some proprietary (possibly implicit) schema.
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XML promises awide range of services so it isimportant to be clear on the functional requirements
that are expected to be provided by the Xchange file. The primary focus is the interoperability of
systems (possibly across business systems domains). This implies a minimum of human viewing of
the data. The human readability of the files through style sheets or other mechanismsis certainly a
welcome feature, but it is a secondary requirement driving the design of the Xchange file. The typical
exchange scenario isillustrated in Figure 1. A high level overview of the process follows in this
section. Technical details of each step in the process are described in the following sections.

This scenario illustrates the interchange of product data from a system in one business system domain
to a potentially different system in a second business system domain (possibly using a second
middleware technology, component framework, or programming language). The details of the
mechanism for moving the X change file and the messaging infrastructure in which the product
information is contained are both omitted here for smplicity. The goal isto transfer product data from
some product data repository so that it can be processed by an application in some other business
system domain. The stored product data may be in the form of a STEP Application Integrated Model
(AIM) that is modeled in EXPRESS, or it may be stored in alegacy data store in some proprietary
schema. The application, which processes the product data, is the client to an interface which exposes
an object-oriented representation of the product data. The object model on which the interface is based
should be a simple object model that has been widely adopted by Web developers. The interfaceis
implemented by classes which are object-based and which are based on an even simpler object model.
Moreover, the classes should represent entities which are close to the user's conceptual model of the
product.

In the Xchange scenario, these classes externalize (serialize) a product information instance (including
the graph of objects which it references) to an XML file. The XML file is accompanied by aDTD
which can be used to validate that the XML instance data conforms to the restrictions of the simple
object model. The DTD does not, however, attempt to enforce the semantics of product's information
model. The XML instance file may be accompanied by additional XML instance data which does
represent the metadata of the product's information model (as defined in the simple object model).

The XML fileisinternalized (de-serialized) into classes in the target system. These classes support
the same simple object model as the source classes and a so implement the same product information
model with respect to that object model. These classes may, however, be implemented using a
different technology or programming language as the source classes. The "class-specific* metadata
(which may be exchanged with instance data or established by prior agreement) is used to convert the
XML instance back to a object-based programming language materialization of the product
information instances. These classes on the target system aso implement interfaces, which are fully
object-oriented and which provide a data access interface which is substitutable for the source
interface. The application in the target business system domain, then, is now able to process the
interchanged product information.
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Figure C.1The Xchange scenario

Finally, there are non-functional requirements that need to be satisfied. Foremost is the re-usability
requirement. The interchange of product information is a difficult and mutli-faceted process, which
only begins with consensus on an information model. One of the reasons that STEP based product
data interchange has languished is that users have not had the opportunity to re-use existing
information technologies to build product information sharing systems. STEP implementations today
are still being built from scratch or using obsolete implementation technologies. A goal of the
Xchange process is to maximize the re-use of today's enabling technologies -- including available
XML parsers and viewers, Web-based object technology such as Java, distributed component
technologies, and the resources available on the Web itself.

C.2 Technical requirements

The functional and non-functional business requirements described above provide the foundation for a
set of technical requirements. The XML in the Xchange file should provide the syntax for an object
serialization (externalization) mechanism, which is compatible with the frameworks designed in
accordance with the Serializer design pattern [Martin '98, p. 291]. The Serializer design pattern is
specified and implemented in standard form in the Java Serialization service as well a number of
implementations of the CORBA Externalization service. This requirement emphasizes the
determination to maximize the re-use of mainstream technologies.

The idea of the Xchange process is that the product information can be represented by instances of
classes of an object-oriented programming language in a source system, and the goal is to materialize
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the product information in (possibly identical) classesin atarget system. The product information is
expected to cross system boundaries and may cross business system domain boundaries.
Consequently, it is arequirement that the syntax of the Xchange file must be able to interchange
completely the semantic capabilities supported by the classes of the source and target systems. Since
one of the non-functional requirements is that the file be interpretable by generally available Web
technologies, there is atechnica requirement that the object model be simple and compatible with an
object model that is considered a mainstream Web technology. The following section describes this
requirement in more detail.

The Xchange file must be capable of containing persistent, global entity identifiers. Product datais
characterized by its complexity and volume. Product information has become one of the common
denominators of the industrial virtual enterprise. It is, thus, a requirement that any enabling product
information management system be able to maintain a distributed representation of product
information. More specificaly, it must be possible to define a product in which different aspects of
the product definition reside in different business system domains -- and these domains may exist
anywhere in the world. It is not practical to exchange only self-sufficient, stand-alone segments of
product information. Even though serialization technology requires that all local references be
contained internally, it must be possible to represent an externa identifier (in XML form) for
references to entities outside the X changefile.

C.3 Characteristics of the object model(s)

Figure 1 illustrates the point that the X change processis enabled not by one, but by four distinct,
layered object models. Thefirst is the object model that defines the stored product data: this may be
the object model of EXPRESS or some proprietary data model. The second is the object model of the
object interfaces that are presented to applications. The third is the object model that underlies the
classes which implement the Xchange "wrapper". The last is the object model that underlies the
contents of the Xchange file itself. These need not and should not be the same object model, but there
are dependencies that must be maintained.

A goal of the Xchange processisto strive for completeness of the exchange. The set of semantics
which is used to represent the stored product information drives this requirement. In some sense, this
object model is open-ended, ranging from the semantics implied by the EXPRESS information
modeling language to any conceivable proprietary or ad hoc schema used to define legacy data.

The object model of the interface must be rich enough to support this open-ended requirement;
however, to satisfy the requirement of re-use of (Web) technology, that object model should be
restricted in semantics of the interfaces provided by mainstream distributed object technologies. In
practical terms this means the object model of Java (RMI) interfaces, or CORBA or DCOM IDL.
Effective re-use precludes the specialized extension of these object models for product-related
application development, including the production-capable information interchange itself. Therefore,
the gap must be filled by a mapping strategy -- such as the use of EXPRESS-X to transform data
defined in EXPRESS into a view that is amenable to the object model of the interface.

The next object model isthat used to represent the classes which implement the product information
"wrapper." Again, this object model need not be equivalent to the object model of the interface. The
dependency is that this class object model be capable of implementing the interface object mode.
Today's mainstream object technologies support the clear separation of interface from
implementation. Interfaces seek to hide the details of implementation from clients (including the sub-
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interfaces that extend the original interface). One of the primary implementation details that is hidden
by the interface is the representation of the data contained in the class. The X Change challenge,
however, is obviously quite different. It cannot hide the implementation details implied by the data.
The requirement is to effect a complete transfer of that data. In this respect the classis the suitable
point of departure for the Xchange process.

The Jave language has demonstrated that implementation classes may be based on an object model
that differs from the interface object model -- and they can still completely implement those
interfaces. Specifically, the object model for the classes may forego multiple inheritance,
polymorphism, and encapsulation -- and still implement interfaces that represent those characteristics.
In fact, because of this the implementation classes do not have to be object-oriented; it is enough if
they are object-based. The requirement is that the classes implement classification and instantiation.
That is, every object must have an identity (and be accessible by means of an object reference) and
every object must represent an instance of some type.

The requirement for re-use of (Web) technology means that for all practical purposes, the candidates
for the X change object model are the Java and C++ object models. These two programming languages
present fundamentally different object models. The C++ object model favors maximum flexibility and
multiple ways to represent a given characteristic. The Java object model favors simplicity at the
expense of some flexibility. [Syzperski '98, p.133] says. “Most successful languages [strive] for a

bal ance between enforcement of ‘good things' and flexibility to allow for the unforeseen. As projects
grow in size and complexity, architecture gainsimportance. There is growing acceptance of the
benefits of stringent languages, exemplified by the popular transition from C++ to Java" Thisis not to
say that C++ cannot be used for X change process -- only that some of the rules inherent in the Java
object model would have be adopted as design patterns when using C++.

The design goal for the Xchange class object model should be smplicity. That is, the number of
special cases and aternative representations should be minimized. There should be no specia cases
based on the type of a specific class. Most important every thing must be representable as an object.
Every object has identity and is accessed by means of an object reference. There is no equivalent of a
C++ automatic class variable (or expanded class). A classis uniformly represented as a collection of
attributes. The one concession to thisrule isthat there is small set of primitive types that will be
represented as values (not objects) in cases where it can be done without a significant increase in
complexity. An attribute, then, may be one of a) primitve, b) object reference or ¢) an array. (A more
specific description of the mapping is described in the next section.)

C.4 TheXchangefile

The good news is that the X change process need only concern itself with the simpler object model of
the implementation classes. This means that the complexity of the interchange file can be reduced
dramatically. In fact, the object model of the Xchange file can be simplified even further. The
dependency isthat it must represent an object model that is sufficient to externalize/internalize the
implementation class. It should be noted that the design goal for the Xchange file isto minimize
complexity -- not necessarily to minimize the size of the file. (By adopting XML, there are
unavoidable concessions with respect to file size: no binary form, use of tags.) The goa isremoveto
all information not specifically needed to accomplish the externalization/internalization processes and
to eliminate special cases and alternative representations.
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One additional requirement on the Xchange file is to de-couple the source and the target classes. As
was noted above, there should be no requirement that these classes are implemented in the same
programming language. Moreover, the architecture should allow the maximum flexibility possible for
the evolution of these classes. (Thisis the Xchange analog to binary compatibility among software
components.) Consequently, the X change object model must be self-describing. Moreover, an object's
attributes in the file should be order-independent. This sets the stage for one further simplification: the
Xchange file need not specify the types of its attributes (within the instance data portion of thefile.)
The information needed to internalize an Xchange is provided by the name of the attribute. The target
and the source class may use a different type for an attribute -- aslong as the contract regarding the
attribute's semantics is maintained; and this contract is specified outside of the Xchange file. This
approach has been used successfully in the Newi Business Object Facility.[Eeles '98, p 152]

In deference to the requirement to the requirement to re-use XML software tools, there is one
additional restriction on the nature of an object. An object in the Xchange file is comprised of a set of
attribute names and values. An attribute, then, may be one of @) primitve, b) object reference or c) an
array of object references. Consequently every type, including the primitive types, must be
representable by an object type. This is analogous to the Java wrapper classes, java.lang.Integer and
javalang.Double. This requirement actually results in a simplification of some of the semantics
required for the modeling of product information.

Finally, since the primary purpose of the Xchange file is to support externalization/internalization, it
is not required to perform type checking on its contents. The assumption is that any desired type
checking is performed by the target and/or source class. (As mentioned above, the types of attributes
are not even captured in the file.) By the same token, the Xchange file is not intended to enforce any
other constraints on the data. The checking of constraints should be performed by the target and/or
source class and/or specified in the corresponding interface.

C.5 Roleof the Xchangefile DTD

Therole of the Xchange files DTD isto provide the metadata for the Xchange file's object model --
and nothing more. This DTD should not be used to attempt to describe the metadata of any of the
other object models: neither the class object model, the interface object model, nor the product
information object model itself. When parsing the Xchangefile, it is necessary to determine for each
value only whether it is an object's identifier, an object reference, a primitive value or an array of
object references. This corresponds with capabilities natural to aDTD. The DTD specifies only
whether avalueisan ID, IDREF, CDATA or IDREFS. (Because the file does not specify the type of
primitive valued attributes, there is only one primitive type required in the file: CDATA. The
Xchange file DTD contains a subset of the information defined in the X change class metadata; and ,
thus, may be automatically generated from the class metadata.

Product information is also characterized by the possibility of unset attribute values. Often product
information needs to be interchanged before it is fully defined. The product model schema typically
designates which attributes are optional. This information could be represented in the DTD by
specifying #REQUIRED or #IMPLIED attributes. However, thisinformation is not necessarily
accessible to the Xchange class itsalf, and, in fact, represents another constraint on the datathat is
more properly enforced elsewhere. Consequently, the guideline for the Xchange file is that all
attributes shall be #iMPLIED. The machinery of the XML DTD are, thus, not used to enforce the
constraints represented by optional information fields.
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C.6 Instancedatain the Xchangefile

This sections describes how each feature of product information modeling semantic shall be
represented in the instance data portion of the Xchange file. (The range of supported semantics
corresponds to that supported by EXPRESS.)

One of the principal rules of the Xchangefileisthat every type may be representable as an object.
This means that IDFEF(S) are untyped object references. Some types may be represented as primitive
(CDATA) vaues -- but only in contexts that are natural for XML.

The following sections outline the (informal) guidelines for the specific modeling features supported
by the Xchangefile.

C.6.1 Objects

Each abject is represented by an XML element with the name of the type of which it isadirect
instance. (Need to agree on globa naming for type names.)

Each aobject contains an attribute list that is the union of the attributes of al its ancestor types. The
order of the attributesin the list shall not affect the internalization of the object.

Each object has an attribute "id" of type ID, which isits unique identifier within thefile.
All primitive attributes shall be of type CDATA.
All object reference attributes shall be of type IDREF.

All collection attributes shall be of type IDREFS.

C.6.2 Primitives
Primitive types (float, double, int, long) shall be represented as attribute values of type CDATA.

Primitive types shall be represented by wrapper elements of the following form, where necessary:
<! ELEMENT doubl e EMPTY>
<I ATTLI ST doubl e

id ID #REQU RED
val CDATA #REQUI RED>

C.6.3 Caollections

Collection-valued attributes shall be represented by IDREFS. Each element in the collection must be
an object (or object wrapper for a primitive or collection).

The aobject wrapper for collection shall be of the form:
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<! ELEMENT col | ecti on EMPTY>
<! ATTLI ST col |l ection

C.64

Attributes of type bool or logical shall be represented by the appropriate enumerated val ues.

id ID #REQUI RED
contents | DREFS #| MPLI ED>

Boolean (and L ogical)

The wrapper elements for Boolean and Logica shall be:

C.6.5

<! ELEMENT bool EMPTY>
<! ATTLI ST bool
id ID #REQUI RED
val (true | fal se)#REQUI RED>

<l ELEMENT | ogi cal EMPTY>
<I ATTLI ST I ogi cal
id ID #REQUI RED
val (true | false | unknown)#REQUI RED>

Enumeration

Attributes of enumeration type shall be represented by the appropriate enumerated values.

The wrapper elements for an enumeration shall be of the form:

C.6.6

C.6.7

78

<! ELEMENT enum nane EMPTY>
<! ATTLI ST enum _nane
id ID #REQUI RED
val (enunmeratorl | enunerator2 | ..) #REQUI RED>

Type definitions

Elements of type definitions shall be designated by the underlying type of the type definition.

Binary

Binary data shall be represented by the binary element:
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<! ELEMENT bi nary (PCDATA) 2>
<! ATTLI ST bi nary
id D #REQU RED >

[Binary mapping needs to be specified]

C.6.8 String

The wrapper class for string data shall be:

<IELEMENT string (#PCDATA) ?>
<I ATTLI ST string
id|D #REQU RED

C.6.9 Discriminated union (EXPRESS SELECT)

Each discriminated union shall be of the form:

<l ELEMENT sel ect _type EMPTY>
<I ATTLI ST sel ect _type

id|D #REQU RED

ut ype CDATA #REQUI RED

val | DREF #| MPLI ED>

The attribute utype shall contain the type name of the underlying type, which may be atype definition
or an abstract class for which there is no corresponding e ement in thefile.

C.6.10 Optionals (unset)

An unset entity (of any type) in a sparse collection shall be indicated by the null element, which shall
be of the form:

<! ELEMENT nul | EMPTY>
<! ATTLI ST nul |
id D #REQU RED >

All other unset attributes shall be indicated by the absence of the attribute from the file.

C.6.11 Root el ement

The root element shall be used to enclose each single unit of externalization. Local pointers to objects
within aroot element are permitted, but there shall be no idrefs pointing to objects within a second
root element. A root element may be used to represent an object that has a persistent, globally unique
identifier.

The eckey element shall be used to represent such a persistent, globally unique identifier. Each root
element isidentified by its eckey element. Moreover, objects within a root element may refer to other
root objects, which may be absent from the file, by using that root object's eckey. Within the eckey the
optional home element shall designate the organization and repository which owns the root object; the
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displayname element is an optional element, which may be used for an informative name such as may
be associated with an icon on a desktop. The tech attribute shall designate the technology used to
access the object. Finally, the root element shall contain the primary key of the root object, which is
unique within the object's home. The primary key shall consist of one or more key attribute name-
value pairs.

The root and eckey elements shall be of the form:

<IELEMENT root(eckey, ANY*)>
<IATTLIST root

id ID #required

eckeyid IDREF #required>
<IELEMENT home #PCDATA>
<IELEMENT displayname #PCDATA>
<IELEMENT eckey(n*, home?, displayname?)>
<IATTLIST eckey

id ID #required

tech CDATA #implied>
<IELEMENT n(#PCDATA v)>

<IELEMENT V(#PCDATA)>

C.6.12 Out of scope

The following are not contained in the Xchange file: derived attributes, functions ,
constraints, constant names.
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C.6.13 Class and Interface M etadata

The Xchange file format may aso be used to exchange metadata between source and target systems.
That metadata may be the metadata for the source or target Xchange classes, the metadata for the
source or target Xchange interfaces, or the metadata for the product information.
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Annex D
(informative)

Computer interpretablelistings

This annex references a listing of the DTD's specified in this part of 1SO 10303. These listings are
available in computer-interpretable form and can be found at the following URL :

http://www.mel .nist.gov/step/parts/part28el/cd/

If there is difficulty accessing these sites contact 1SO Central Secretariat or contact the ISO TC
184/SC4 Secretariat directly at: sc4sec@cme.nist.gov.

NOTE - The information provided in computer-interpretable form at the above URLSs is informative. The
information that is contained in the body of this part of 1SO 10303 is normative.
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Annex E
(informative)

Deterministic Content M odels

XML requires that the content particles be deterministic based on the first item. Thisis an extract
from the XML specification:

“ For compatibility, it is required that content modelsin element type declarations be deterministic.

SGML requires deterministic content models (it calls them "unambiguous'); XML processors built
using SGML systems may flag non-deterministic content models as errors.

For example, the content model ((b, ¢) | (b, d)) isnon-deterministic, because given an initial b
the parser cannot know which b in the model is being matched without looking ahead to see which element
follows the b. In this case, the two references to b can be collapsed into a single reference, making the
model read (b, (c | d)).Aninitia b now clearly matches only a single name in the content model.
The parser doesn't need to look ahead to see what follows; either ¢ or d would be accepted.”

The ?? Early Binding combines elements corresponding to the elements in an EXPRESS
subtype/supertype graph. The content models for such elements should be deterministic.

This annex presents one algorthm for defining such a deterministic content model corresponding to a
given subtype/supertype graph.

Step 1 Evaluate the set S of allowed entity instances for the subtype/supertype graph
according to the algorithm specified in 1SO 10303-11, Annex B. This set may
comprise both simple and complex entity instances.

Step 2 Identify the set E of entities that occur within S.
Note: This will be all of or a subset of the entities declared within the subtype/supertype
graph.
Step 3 Count the occurrencesin S of each entity in E.
Step 4 Identify the entity that occurs most, M. In the event that two or more entities occur
most often, select to be M the first entity according to the collating sequence of 1SO
646).
Step 5 Divide the set Sinto two sub-sets: those entity instances that include M, refered to as

with-M, and those that do not, without-M.

Step 6 Process the set with-M by removing M from each of the members.
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Step 7 Compare with-M and without-M.

a) If they are the same and not empty, generate the content particle (M?, X) where x is
the result of applying steps 2 to 6 of this algorithm to with-M.

b) If they are both empty: if thisisthe first pass through step 7 generate the content
particle M, otherwise generate M?

c) If they are different and without-M is empty, generate the content particle (M, y)
wherey isthe result of applying steps 2 to 6 of this algorithm to with-M.

d) If they are different and with-M is empty, generate the content particle (M | z)
where z is the result of applying steps 2 to 6 of this algorithm to without-M.

e) If they are different and neither with-M nor without-M is empty, generate the

content particle (M, y) | (2)) wherey is the result of applying steps 2 to 6 of this
algorithm to with-M and z is the the result of applying steps 2 to 6 to without-M.

The result of the process will be a content particle which allows only the valid combinationsin S:

(M, xxx) | (N, yyy) | (O, zz2) ...)

where xxx, yyy and zzz are in turn complex or smple content particles and M, N and O are entity
identifiers.
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Annex F

(informative)

L ate Bound DTD correspondence with EXPRESS syntax

Table D.1 shows the correspondence between the syntax of EXPRESS (as specified in 1SO 10303-11)

to elements used in the late bound DTD.

In table D.1 the EXPRESS syntax is reproduced from 1SO10303-11 and the XML DTD element
definitions are reproduced from clause 6 of this part of 1SO 10303. In both casestable D.1 is not the

primary definition of the respective syntax.

TableD.1—Late Bound DTD correspondence with EXPRESS syntax

Express | Express LRM Synt ax
LRM
Ref.

XML DTD el enent definitions

<I ELEMENT express_driven_data
(% emar k; ,
(schema_decl * |
dat a) *)
>
<I ATTLI ST express_driven_data
%ex- prod; "#NONE">
<! ELEMENT data (TBA)>
<! ATTLI ST dat a
%ex- prod; "#NONE">
<! ELEMENT TBA EMPTY>
<! ATTLI ST TBA
%ex- prod; "#NONE">

<IENTITY % ex- prod
"express-producti on CDATA #FI XED' >

<IENTITY %def_id
“id I D # MPLI ED"' >
<IENTITY %def _id ref
"refid | DREF #| MPLI ED
reftype CDATA ">

<! ELEMENT abs EMPTY>

1 ABSTRACT = 'abstract' !

2 ACOS = 'acos' !

<! ELEMENT acos EMPTY>

3 AGGREGATE = ' aggregate’

85




| SO/WD 10303-28:1999(E)

©1S0

Express | Express LRM Synt ax XML DTD el enent definitions

LRM

Ref.

4 ALIAS = "alias' !

5 AND = "and' ! <l ELEMENT and EMPTY>

6 ANDOR = " andor' !

7 ARRAY = "array' !

8 AS = "as' !

9 ASIN = "asin' ! <l ELEMENT asin EMPTY>

10 ATAN = "atan' ! <I ELEMENT at an EMPTY>

11 BAG = ' bag' !

12 BEG N = ' begin' !

13 Bl NARY = 'binary' !

14 BLENGTH = ' bl ength' ! <! ELEMENT bl engt h EMPTY>

15 BOOLEAN = ' bool ean' !

16 BY = 'by' !

17 CASE = 'case' !

18 CONSTANT = 'constant' !

19 CONST_E = 'const _e' ! <! ELEMENT const _e EMPTY>

20 CONTEXT = 'context' !

21 COs = 'cos' ! <! ELEMENT cos EMPTY>

22 DERI VE = 'derive' !

23 DV ="div' | <l ELEMENT i nt eger _di vi de EMPTY>
<I ATTLI ST i nt eger _di vi de
%ex- prod; "Dl V'>

24 ELSE = 'el se' !

25 END = ' end' !

26 END ALIAS = "end _alias' !
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27 END CASE = 'end_case' !
28 END_CONSTANT =
"end_constant' !
29 END CONTEXT = 'end_context'
!
30 END ENTITY = "end_entity' !
3 END_FUNCTI ON =
"end_function' !
32 END IF = "end_if" !
33 END LOCAL = "end | ocal ' !
34 END MODEL = 'end _nodel' !
35 END_PRCCEDURE =
"end_procedure' !
36 END REPEAT = 'end_repeat' !
37 END RULE = '"end_rule' !
38 END SCHEMA = 'end_schema' !
39 END TYPE = 'end_type' !
40 ENTITY = "entity" !
41 ENUMERATI ON = ' enuner ati on’
!
42 ESCAPE = 'escape' !
43 EXI STS = 'exists' ! <!l ELEMENT exi sts EMPTY>
44 EXP = "exp' ! <! ELEMENT exp EMPTY>
45 FALSE = 'fal se' | <! ELEMENT f al se EMPTY>
46 FI XED = ' fixed" ! <l ELEMENT fi xed EMPTY>
47 FOR = "for' !
48 FORVAT = 'format' ! <! ELEMENT format EMPTY>
49 FROM = ' from !
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50 FUNCTION = ' function’

51 GENERI C = 'generic' !

52 H BOUND = ' hi bound" ! <! ELEMENT hi bound EMPTY>
53 H I NDEX = ' hiindex" ! <l ELEMENT hi i ndex EMPTY>
54 IF="if" !

55 IN="in" 1 <l ELEMENT i n EMPTY>

56 I NSERT = '"insert' ! <! ELEMENT i nsert EMPTY>
57 I NTEGER = 'integer' !

58 I N\VERSE = 'inverse' !

59 LENGTH = 'l ength' ! <l ELEMENT | ength EMPTY>
60 LIKE = "like' ! <l ELEMENT I|i ke EMPTY>

61 LIST = "list' !

62 LOBOUND = ' | obound' ! <! ELEMENT | obound EMPTY>
63 LOCAL = "l ocal"' !

64 LOG = "l og" ! <l ELEMENT | og EMPTY>

65 LOGLO = "1l 0gl0" ! <l ELEMENT | 0g10 EMPTY>
66 LO& = 'log2" ! <!l ELEMENT | 0g2 EMPTY>

67 LOA CAL = 'l ogical"' !

68 LA NDEX = ' oi ndex" ! <! ELEMENT | oi ndex EMPTY>
69 MDD = ' nod' ! <!l ELEMENT nod EMPTY>

70 MODEL = ' nodel ' !

71 NOT = '"not' ! <!l ELEMENT not EMPTY>

72 NUMVBER = ' nunber' !
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73 NVL = "nvl*' | <l ELEMENT nvl EMPTY>

74 ODD = ' odd' ! <!l ELEMENT odd EMPTY>

75 OF = "of" |

76 ONECF = 'oneof' !

77 OPTIONAL = 'optional"' ! <l ELEMENT optional EMPTY>

78 OR="or" ! <I ELEMENT or EMPTY>

79 OTHERW SE = ' ot her wi se' <! ELEMENT ot herw se
(%emark;, (Ystnt;))

S0 Pl = "pi' ! Z! ELEMENT pi EMPTY>

81 PROCEDURE = ' procedure’

82 QUERY = 'query' !

83 REAL = 'real' !

84 REFERENCE = 'reference'

85 REMOVE = 'renove' ! <! ELEMENT renove EMPTY>

86 REPEAT = 'repeat' !

87 RETURN = 'return' !

88 ROLESOF = 'rol esof' ! <! ELEMENT r ol esof EMPTY>

89 RULE = "rule' !

90 SCHEMA = 'schenma' !

91 SELECT = 'select' |

o2 SELF = "self"' | <!l ELEMENT sel f EMPTY>

o3 SET = '"set' |

94 SIN="sin" ! <l ELEMENT sin EMPTY>

95 SI ZEOF = 'sizeof' ! <l ELEMENT si zeof EMPTY>
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96 SKIP = "skip' !

97 SQRT = "sqgrt' ! <! ELEMENT sqrt EMPTY>

93 STRING = 'string" !

99 SUBTYPE = ' subtype' !

100 SUPERTYPE = 'supertype'

101 TAN = '"tan' !

<!l ELEMENT tan EMPTY>

102 THEN = 'then' !

103 TO="t0" !

104 TRUE

"true' !

<! ELEMENT true EMPTY>

105 TYPE

"type' !

106 TYPEOF = 'typeof' |

<l ELEMENT typeof EMPTY>

107 UNI QUE = 'unique' !

<l ELEMENT uni que EMPTY>

108 UNKNOWN = ' unknown' !

<! ELEMENT unknown EMPTY>

109 UNTIL = "until’® |

110 USE = 'use' !

111 USEDI N = 'usedin' !

<! ELEMENT usedi n EMPTY>

112 VALUE = 'val ue' !

<! ELEMENT val ue EMPTY>

113 VALUE IN = 'value in |

<! ELEMENT val ue_in EMPTY>

114 VALUE_UNI QUE =
" val ue_uni que’

<! ELEMENT val ue_uni que EMPTY>

115 VAR = 'var' !

116 VWHERE = ' where' !

117 VWH LE = "while' |

118 XOR = '"xor' !

<! ELEMENT xor EMPTY>

90




© I1SO 1 SO/WD 10303-28:1999(E)

Express | Express LRM Synt ax XML DTD el enent definitions

LRM

Ref.

119 bit ='0 | "1

120 digit ='0" | "1'" | "2' |
"3 4 | "5 | "6 | "7
| "8 | "9 .

121 digits = digit { digit }

122 encoded_character = octet
octet octet octet

123 hex digit = digit | "a |
b | ‘c" | "d | e | f

124 letter ='a | 'b" | "¢ |
dpre | L
L I B N S
m | 'n" | ‘o | "p" | 'q
| et sttt
vilotwe | rxE oty ]z

125 | paren_not _star = "'('
not _star

126 not | paren_star =
not _paren_star | ')’

127 not _paren_star = letter |
digit |
not _paren_star_speci al

128 not _paren_star_quote_speci al
=T e
A R I
I A IR IR
< Pt e
I D I
B j {0ty

129 not _paren_star_special =
not _paren_star_quote_speci al
| "

130 not _quote =
not _paren_star_quote_speci al
| letter | digit | "(" | ")’
| .

131 not _rparen = not_paren_star
| =1 C

132 not _star = not_paren_star |
L)

133 octet = hex_digit hex _digit

134 speci al =

not _paren_star_quote_speci al
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I G D R A

135 star_not_rparen = '*'
not _rparen .

136 binary literal ="'% bit { <IELEMENT binary_literal
bit } ! (#PCDATA)

>

137 encoded_string_literal ="'"'
encoded_character ({
encoded_character } """ .

138 integer_literal = digits ! <I ELEMENT integer_literal

(#PCDATA)
>

139 real _literal = digits "." [ <l ELEMENT real literal
digits ] [ 'e" [ sign] (#PCDATA)
digits ] ! >

140 simple_id =letter { letter
| digit | "' } !

141 sinmple_string literal =\q {

( \g\g) | not_quote | \s |
\o} \q.

142 enbedded_remark =" (*" { <! ELEMENT enbedded_remark
not | paren_star | (#PCDATA | enbedded_remnark) *
| paren_not _star | >
star_not _rparen |
enbedded_remark } "*)' .

143 remark = enbedded_renmark | <IENTITY % renark
tail _remark . “(enbedded_remark |

tail _remark)?">

144 tail _remark ='--" { \a | \'s | <IELEMENT tail _remark
| ‘o } \n. (#PCDATA) *

>

145 attribute ref = attribute_ id <l ELEMENT attri bute_ref
! (#PCDATA)

>
<I ATTLI ST attribute_ref
9%def id ref; “attribute_ id’ >
146 constant _ref = constant _id ! <! ELEMENT const ant _ref
(#PCDATA)
>
<! ATTLI ST constant _ref
9%def id ref; “constant _id">
147 entity ref = entity_id ! <l ELEMENT entity_ref
(#PCDATA)
>
<I ATTLI ST entity_ref
%def _id ref; “entity id" >
148 enuneration_ref = <! ELEMENT enunerati on_r ef
enuneration_id ! (#PCDATA)
>
<I ATTLI ST enunerati on_r ef
%def id ref; “enuneration_id’ >
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149 function_ref = function_id ! <! ELEMENT function_ref
(#PCDATA)
>
<I ATTLI ST function_ref
9%def id ref; “function_id’>
150 paranmeter_ref = paraneter_id | <! ELEMENT paraneter_ref
! (#PCDATA)
>
<I ATTLI ST paraneter_ref
Y%lef _id ref; “paraneter_id">
151 procedure_ref = procedure_id | <!/ ELEMENT procedure_ref
! (#PCDATA)
>
<I ATTLI ST procedure_ref
%lef _id ref; “procedure_id">
152 schema_ref = schema_id ! <! ELEMENT schena_r ef
(#PCDATA)
>
<I ATTLI ST schena_r ef
9%def id ref; “schena_id’>
153 type_l abel ref = <l ELEMENT type_I| abel _ref
type_l abel _id ! (#PCDATA)
>
<I ATTLI ST type_I abel _ref
Y%def _id ref; “type_l abel _id">
154 type_ref = type_id ! <I ELEMENT type_ref
(#PCDATA)
>
<I ATTLI ST type_ref
Y%def id ref; “type_id">
155 variable ref = variable_ id ! <! ELEMENT vari abl e_ref
(#PCDATA)
>
<I ATTLI ST vari abl e_ref
9%def id ref; “variable id’">
156 abstract _supertype_decl arati <l ELEMENT abstract _supertype
on = ABSTRACT SUPERTYPE | (% emar k; ,
subtype_constraint ] . (Y%supertype_expression;)?)
>
<I ATTLI ST abstract_supertype
%ex- pr od;
"abstract_supertype_decl aration">
157 actual _paraneter _list = "(' <IENTITY % actual _paraneter_Ii st
paraneter { ',' paraneter } “(Y%paraneter;)*”
). >
158 add_like op ="'+ | "-'" | OR |<!ENTITY % add_like_op
| XOR . “add |
subtract
or |
xor *“
>
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<! ELEMENT add EMPTY>
<! ATTLI ST add
%ex- prod; "+">
<! ELEMENT subtract EMPTY>
<! ATTLI ST subtr act
%ex-prod; "-">
159 aggregate_initializer ="' <l ELEMENT aggregate_initializer
[ elenrent { ',' elenment } ] (% emark;, element_list)
1! >
160 aggregat e_source = <!l ELEMENT aggr egat e_source
si mpl e_expression . (% emark; ,
(%8l MPLE_EXPRESSI ON; ) )
>
161 aggregate_type = AGGREGATE | <!l ELEMENT aggregate_type
"' type_label 1 OF (% emark;, (Yparaneter_type;),
par anmeter_type ! (% ype_l abel ;) ?)
>
162 aggregation_types = <IENTITY % aggregati on_types
array_type | bag_type | “ array_type
list _type | set_type ! bag_type
list_type |
set _type">
163 al gorithm head = { <l ELEMENT al gorit hm head
declaration } | (% emar k;, declaration_bl ock?
constant _decl ] [ |ocal _decl constant bl ock?,
] | ocal _vari abl e_bl ock?)
>
164 alias_stm = ALIAS <! ELEMENT alias_stnt
variable_id FOR general _ref (% emark;, variable_id,
{ qualifier } ";' stm { (%general _ref;),
stm } END ALIAS ';' | qualifier?,
st at emrent _bl ock)
>
165 array_type = ARRAY <I ELEMENT array_type
bound_spec OF [ OPTIONAL ] | (% emark;, index_spec,
UNI QUE ] base_type ! base_type,
optional ?,
uni que?)
>
166 assignnment _stnmt = <! ELEMENT assi gnment _st nt
general _ref { qualifier } (% emark;, (%eneral _ref;),
':=' expression ';"' ! qualifier?,
(Y%expression;))
>
167 attribute _decl = <IENTITY %attribute_dec
attribute_id | “attribute_id
qualified_attribute . qualified_attribute”
>
168 attribute id = sinple_id ! <l ELEMENT attribute_ id
(#PCDATA)
>
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<TATTLIST attribute_id
vdef id:>

169

attribute qualifier =
attribute_ref

<IENTITY % attri bute_qualifier
“attribute ref”
>

170

bag type = BAG [ bound_spec
] OF base_type !

<l ELEMENT bag_type
(% emar k;, bound_spec?,
base_type)

>

171

base_type =
aggregati on_types
sinmpl e_types | named_types .

<! ELEMENT base_type
(% emark; ,
(%aggregati on_types;
%si npl e_t ypes;
Y%maned_t ypes;))

>

172

bi nary_type = BI NARY [
wi dt h_spec ] !

<I ELEMENT bi nary
(% emark;, w dth_spec?)
>
<l ATTLI ST bi nary
%ex- prod; "binary_type">

173

bool ean_t ype = BOOLEAN !

<! ELEMENT bool ean
EMPTY
>
<! ATTLI ST bool ean
%ex- prod; " bool ean_type">

174

bound_1 = nuneric_expression

<! ELEMENT | ower bound

(% emark; ,

(%umeri c_expression_top;))
>
<! ATTLI ST | ower _bound

%ex- prod; " bound_1">

175

bound_2 = nuneric_expression

<! ELEMENT upper _bound
(% emark; ,
(i ndeterm nate |
Y%muneri c_expression_top;))

>

<I ATTLI ST upper _bound
%ex- prod; "bound_2">

<! ELEMENT i ndet erm nate
EMPTY

>

<! ATTLI ST i ndeterm nate
%ex- prod; "?">

176

bound_spec = '[' bound_1 ':'

bound_2 ']

<! ELEMENT bound_spec
(% emark;, | ower_bound,
upper _bound)

>

<! ELEMENT i ndex_spec
(% emark;, |ow_index,
hi gh_i ndex?)

>
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<I ATTLI ST i ndex_spec
%ex- prod; "bound_spec">
177 built _in_constant = CONST_E <IENTITY %built_in_constant
| PI | SELF | "?" | “const _e |
pi |
sel f |
unknown”
>
178 built_in_function = ABS | <IENTITY %built _in_function
ACOS | ASIN | ATAN | BLENGIH "abs | acos | asin | atan |
| COs | EXISTS | EXP | blength | cos | exists |
FORMAT | H BOUND | HI I NDEX | exp | format | hibound |
LENGTH | LOBOUND | LO NDEX | hiindex | length | | obound |
LOG | LOX | LOGLO | NvL | loindex | log | log2 |
ODD | ROLESOF | SIN | SIZEOF logl0 | nvl | odd | rolesof |
| SQRT | TAN | TYPEOF | sin | sizeof | sqrt | tan |
USEDI N | VALUE | VALUE IN | typeof | usedin | val ue |
VALUE UNI QUE ! val ue_in | val ue_uni que"
>
179 built _in_procedure = | NSERT <IENTITY % built_in_procedure
| REMOVE ! “insert |
remove”
>
180 case_action = case_|l abel { <! ELEMENT case_action
'," case_label } ':' stnt (% emark;, case_l abel,
(%tnt;))
>
181 case_| abel = expression . <! ELEMENT case_| abel
(% emark;, (%expression;)+)
>
182 case_stnt = CASE sel ector OF <! ELEMENT case_stnt
{ case_action } [ OTHERW SE (% emark;, (%elector;),
'":'" stm ] END _CASE ';' ! case_action*,
ot herw se?)
>
183 conmpound_stm = BEG N stm { <IENTI TY % conmpound_st m
stmt } END ';' ! "st at ement _bl ock”
>
184 const ant _body = constant _id <! ELEMENT const ant _decl
':' base_type ': = (% emark;, constant _id,
expression ;' base_type,
(Y%expression;))
>
<! ATTLI ST const ant _decl
%ex- prod; "constant_body">
185 constant decl = CONSTANT <! ELEMENT const ant bl ock
const ant _body { (% emark;, constant_decl *)
constant _body } END CONSTANT | >
ol <I ATTLI ST constant bl ock
%ex- prod; "constant_decl ">
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186 constant _factor = <IENTITY % constant factor
built_in_constant | “Obuilt _in_constant;
constant ref constant _ref”

>
187 constant _id = sinple_id ! <! ELEMENT constant _id
(#PCDATA)
>
<I ATTLI ST constant _id
Yglef _i d; >

188 constructed_types = <IENTITY % constructed_types
enuner ati on_type | “enuneration
sel ect _type ! select “>

189 declaration = entity_decl | <IENTITY % decl arati on
function_decl | “entity_decl
procedure_decl | type_decl function_decl

pr ocedur e_decl
type_decl”
>
<! ELEMENT decl arati on_bl ock
(% emark;, (%eclaration;)®*)
>
<! ATTLI ST decl arati on_bl ock
%ex- prod; "declaration">

190 derived attr = <! ELEMENT derived attr
attribute_decl ':' base_type (%emark;, (%attribute_decl;),
':=' expression ;' base_type,

(Y%expression;))
>

191 derive_clause = DERI VE <! ELEMENT derive_cl ause
derived_attr { derived_attr (% emark;, derived_attr+)
} ! >

192 domain_rule = [ label ":" ] <! ELEMENT domain_rul e
| ogi cal _expression ! (% emark;, |abel?,

| ogi cal _expression)
>

193 el ement = expression [ ':' <! ELEMENT el enent _|i st
repetition | (%emark;, elenment_itent)

>

<I ATTLI ST el enment _|i st

%ex- prod; "el enent">

<! ELEMENT el enment _item

(% emark;, (%Yexpression;),

repetition?)

>

<I ATTLI ST el enment _item
%ex- prod; "el enent">

194 entity_body = { <IENTITY %entity_body
explicit_attr } [ “explicit_attr_bl ock?,
derive_clause | | derive_cl ause?,

i nverse_clause | | i nverse_cl ause?,
uni que_cl ause ] | uni que_cl ause?,
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where_cl ause ] where_cl ause?”
>
195 entity_constructor = <l ELEMENT entity_constructor
entity ref '(' [ expression (% emark; ,
{"'," expression} ] ")" ! entity_ref,
(Y%expression;)*)
>
196 entity_decl = entity_head <l ELEMENT entity_dec
entity_body END ENTITY '";"' | (%emark;, %entity_head;
%entity_body;)
>
197 entity _head = ENTITY <IENTITY %entity_head
entity_id [ subsuper ] ';' “entity_id,
Y%subsuper;”
>
198 entity id = sinple_id ! <IELEMENT entity_id
(#PCDATA)
>
<I ATTLI ST entity_id
Y%def _i d; >
199 enuneration_id = sinple_id ! <! ELEMENT enuneration_id
(#PCDATA)
>
<I ATTLI ST enuneration_id
Y%def _id; >
200 enuner ation_reference = | <!l ELEMENT enuner ati on_reference
type_ref '.' ] (% emark;, type_ref?,
enuneration_ref ! enuner ati on_r ef)
>
201 enuneration_type = <!l ELEMENT enuneration
ENUMERATI ON OF ' (' (% emark;, enumneration_id+)
enuneration_id { ',’ >
enuneration_id } ')' ! <I ATTLI ST enunerati on
%ex- prod; "enuneration_type">
202 escape_stnt = ESCAPE ';' | <!l ELEMENT escape_stmt
EMPTY
>
203 explicit_attr = <I ELEMENT explicit_attr_bl ock
attribute_decl { ', (%emark;, explicit_attr+)
attribute_decl } ":' | >
OPTI ONAL ] base_type ";"' | <I ATTLI ST explicit_attr_block
%ex-prod; "explicit_attr">
<l ELEMENT explicit_attr
(% emark; ,
(%attribute_decl;),
optional ?,
base_type)
>
204 expression = <IENTI TY % expression

si mpl e_expression |
rel _op_extended

" 8l MPLE_EXPRESSI ON;
rel ati on_expression"”
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si mpl e_expression | !

>
<I ELEMENT rel ati on_expressi on
(% emark; ,
(% el _op_ext ended;),
(%8l MPLE_EXPRESSI ON; ),
(%8l MPLE_EXPRESSI ON; ))
>
<I ATTLI ST rel ati on_expressi on
%ex- prod; "expression">

205

factor = sinple_factor |
"**' sinple_factor ]

<IENTITY % FACTOR
“Osinpl e_factor;
factor”

>

<l ELEMENT f act or
(raise_to_power,
(%si nmpl e_factor;),
(%si npl e_factor;))

>

<l ELEMENT rai se_to_power EMPTY>

<I ATTLI ST rai se_t o_power
Y%ex- prod; "**">

206

formal _paraneter =
paraneter _id { ',’
paraneter_id } ':'
paraneter_type .

<! ELEMENT f or mal _par anet er _bl ock
(% emark;, formal _paraneter*)

>

<I ATTLI ST formal _paramnet er _bl ock
%ex- prod; "formal _paraneter">

<I ELEMENT f or mal _par anet er
(% emark;, paraneter_id,
(%par aneter _type;))

>

<! ELEMENT

procedure_formal _paramneter_bl ock
(% emark;, (formal _paraneter
var _formal _paraneter)*)

>

<! ATTLI ST

procedure_formal _paramneter_bl ock
%ex- prod; "formal _paraneter">

<l ELEMENT var _formal _paraneter
(% emark;, paraneter_id,
(%par anmeter _type;))

>

<I ATTLI ST var _formal _paraneter
%ex- prod; "formal _paraneter">

207

function_call = (

built _in_function
function_ref ) [

actual _paraneter _list ] !

<! ELEMENT function_cal
(% emark; ,
(%uilt_in_function;
function_ref),
%act ual _parameter _list;)
>
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208 function_decl = <! ELEMENT functi on_decl
function_head [ (% emark;, 9% unction_head;
algorithmhead ] stm { stnt al gori thm head?,

} END FUNCTION ';*" I st at emrent _bl ock)
>

209 function_head = FUNCTI ON <IENTITY % functi on_head
function_id [ ' (' “function_id,
formal _paraneter ({ formal _par anet er _bl ock?
formal _paraneter } ')' ] function_return_type”
paraneter_type ';"' . >

210 function_id = sinple_id ! <!l ELEMENT function_id

(#PCDATA)
>
<I ATTLI ST function_id
Y%def _i d; >

211 general i zed_types = <IENTITY % general i zed_types
aggregate_type | “aggregate_type
gener al _aggregation_types | %gener al _aggr egati on_types;
generic_type ! generic_type”

>

212 gener al _aggregati on_types = <IENTITY %
general _array_type | gener al _aggregati on_types
general _bag type | “general _array_type
general _list_type | general _bag_type
general _set _type ! general _list_type

general _set _type”
>

213 general _array_type = ARRAY | <l ELEMENT general _array_type
bound_spec ] OF [ OPTI ONAL ] (% emark;, (Yparaneter_type;),
[ UNNQUE ] paraneter_type . bound_spec?,

optional ?,
uni que?)
>

214 general _bag type = BAG | <! ELEMENT general _bag type
bound_spec ] OF (% emark;, (Yparaneter_type;),
par anmeter_type . bound_spec?)

>

215 general _list_type = LIST | <l ELEMENT general _list_type
bound_spec ] OF [ UN QUE ] (% emark;, (Yparaneter_type;),
par anmeter_type . bound_spec?,

uni que?)
>

216 general _ref = paraneter _ref <IENTITY % general _ref
| variable_ref “par amet er _ref

variable_ref”
>

217 general _set _type = SET | <! ELEMENT general _set _type
bound_spec ] OF (% emark;, (Yparaneter_type;),
par anmeter_type . bound_spec?)

>
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218 generic_type = GENERIC [ ':' <l ELEMENT generic_type
type_l abel ] ! (%emark;, (%ype_label;)?)
>
219 group_qualifier = "\" <IENTITY % group_qualifier
entity_ref “entity_ref”
>
220 if_stm =1F <IELEMENT if_stnt
| ogi cal _expression THEN st nt (% emark;, |ogical _expression,
{ stmt } [ ELSE stm { stnt st at emrent _bl ock,
} 1 ENDIF ';" ! st at ement _bl ock?)
>
221 i ncrenent = <!l ELEMENT i ncr enent
nuneri c_expression . (% emark; ,
(%umeri c_expression_top;))
>
222 i ncrenent _control = <! ELEMENT i ncrenent _control
variable id ':= bound_ 1 TO (% emark;, variable_id,
bound_2 [ BY increnent ] | ower _bound,
upper _bound,
i ncrenent ?)
>
223 i ndex = nuneric_expression . <IENTITY % i ndex
“Omuneri c_expression_top;”
>
224 index_1 = index . <! ELEMENT | ow_i ndex
(% emar k; ,
(% ndex;))
>
<I ATTLI ST | ow_i ndex
%ex- prod; "index_1">
225 i ndex_2 = index . <I ELEMENT hi gh_i ndex
(% emark; ,
(% ndex;))
>
<l ATTLI ST hi gh_i ndex
%ex- prod; "index_2">
226 i ndex_qualifier ="'[" <I ELEMENT i ndex_qualifier
index 1 [ ':'" index 2] ']' (% emark;, |ow_index,
hi gh_i ndex?)
>
227 i nteger_type = I NTEGER ! <l ELEMENT i nt eger
EMPTY
>
<I ATTLI ST i nt eger
%ex- prod; "integer_type">
228 interface_specification = <! ELEMENT

ref erence_cl ause |
use_cl ause .

i nterface_specification_bl ock

(% emark;, (reference_from|
use_fron)+)
>
<! ATTLI ST
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i nterface_specification_bl ock
%ex- pr od;
"interface_specification">
229 interval ="'{" interval _| ow <! ELEMENT i nt erval
interval _op interval _item (% emark; ,
interval _op interval _high (interval _| ow_inclusive |
"1 i nterval _| ow _excl usive),
interval item
(i nterval _hi gh_inclusive |
i nterval _hi gh_excl usive))
>
230 i nterval _high = <l ELEMENT i nt erval _hi gh_i ncl usi ve
si mpl e_expression . (% emark; ,
(%8l MPLE_EXPRESSI ON; ))
>
<I ATTLI ST i nterval _hi gh_i ncl usi ve
%ex- prod; "interval _high">
<I ELEMENT i nt erval _hi gh_excl usi ve
(% emark; ,
(%8l MPLE_EXPRESSI ON; ))
>
<I ATTLI ST i nterval _hi gh_excl usi ve
%ex- prod; "interval _high">
231 interval _item= <l ELEMENT interval _item
si npl e_expression . (% emark; ,
(%8l MPLE_EXPRESSI ON; ))
>
232 interval | ow = <I ELEMENT interval | ow_ i ncl usive
si mpl e_expression . (% emar k; ,
(%8l MPLE_EXPRESSI ON; ))
>
<I ATTLI ST interval | ow_ i ncl usive
%ex-prod; "interval _|ow'>
<I ELEMENT interval | ow excl usive
(% emar k; ,
(%8l MPLE_EXPRESSI ON; ))
>
<I ATTLI ST interval | ow excl usive
%ex-prod; "interval _|ow'>
233 interval _op ="'< | '<=
234 i nverse attr = <!l ELEMENT inverse_attr
attribute_decl ":' [ ( SET | (%emark;, (%attribute_decl;),
BAG ) [ bound_spec ] OF ] entity_ref,
entity ref FOR attribute_ ref attribute_ref,
. (i nverse_set |
i nver se_bag) ?)
>
<! ELEMENT i nverse_set
(% emar k; , bound_spec?)
>
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<I ATTLI ST i nverse_set
%ex- prod; "SET">
<I ELEMENT i nver se_bag
(% emar k; , bound_spec?)
>
<I ATTLI ST i nverse_bag
%ex- prod; "BAG' >
235 i nverse_cl ause = | NVERSE <! ELEMENT i nverse_cl ause
inverse_attr { inverse_attr (%emark;, inverse_attr+)
} ! >
236 | abel = sinple_id ! <! ELEMENT | abe
(#PCDATA)
>
237 list_type = LIST | <IELEMENT I|ist_type
bound_spec ] OF [ UN QUE ] (% emark;, bound_spec?,
base_type ! base_type,
uni que?)
>
238 literal = binary_literal | <IENTITY %litera
integer_literal | “binary_literal
logical literal | i nteger_literal
real _literal | logical literal |
string_literal ! real _literal |
string_literal”
>
239 | ocal decl = LOCAL <!l ELEMENT | ocal _vari abl e_bl ock
| ocal _variable { (% emark;, |ocal _variabl e_decl *)
| ocal _variable } END LOCAL >
ol <I ATTLI ST | ocal _vari abl e_bl ock
%ex- prod; "local _decl">
240 | ocal _variable = variable id | <! ELEMENT | ocal vari abl e_decl
{"'," variable_id} ":' (% emark;, variable_id,
paranmeter _type [ ':= (%par anet er _type;)
expression ] ';' (Y%expression;)?)
>
<I ATTLI ST | ocal _vari abl e_decl
%ex-prod; "local _variable">
241 | ogi cal _expression = <I ELEMENT | ogi cal _expression
expression . (% emark;, (%expression;))
>
242 logical literal = FALSE | <IELEMENT logical litera
TRUE | UNKNOWN ! (% emark; ,
(fal se |
true |
unknown) )
>
243 | ogi cal _type = LOd CAL ! <! ELEMENT I ogi cal
EMPTY
>
<I ATTLI ST I ogi cal
%ex- prod; "logical _type">
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244

multiplication_like op ="'*
| */" | DV ]| MDD | AND
N

<IENTITY % multiplication_like_op
“mul tiply |
real _divide
i nt eger _di vi de
nod
and
conpl ex_entity_constructor”
>
<l ELEMENT mul tiply EMPTY>
<I ATTLI ST mul tiply
%ex-prod; "*">
<! ELEMENT real divide EMPTY>
<I ATTLI ST real _divide
%ex-prod; "/">
<! ELEMENT
conpl ex_entity_constructor
<! ATTLI ST
conpl ex_entity_constructor
Y%ex-prod; "|]|">

EMPTY>

245

naned_t ypes =
type_ref !

entity_ref

<IENTITY % named_t ypes
“entity_ref

type_ref *
>

246

naned_t ype_or_renane =
naned_types [ AS ( entity_id
| type id) ]

247

null _stnt =";" |

<TELEMENT nul I _stnt
EMPTY
>

248

nunber _type = NUMBER !

<! ELEMENT nunber
EMPTY
>

249

nuneri c_expression =
si mpl e_expression !

<IENTITY % numeri c_expressi on_top
“integer_literal
nuneri c_expressi on”
>
<I ELEMENT nuneri c_expressi on
(% emark; ,
(%8l MPLE_EXPRESSI ON; ))
>

250

one_of = ONEOF ' ('
supertype_expression { ','
supertype_expression } ')’

<! ELEMENT supertype_one_of
(% emark; ,

(Y%supertype_expression;)+)

>

<I ATTLI ST supertype_one_of

%ex- prod; "one_of ">

251

paraneter = expression .

<IENTITY % par anet er
"%expression; "
>

252

paranmeter_id = sinple_id !

<! ELEMENT paraneter_id
(#PCDATA)
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>
<I ATTLI ST paraneter_id
%def _i d,; >
253 paranmeter_type = <IENTITY % par anet er _t ype
general i zed_types | “Ogeneral i zed_types; |
naned_types | sinple_types . Ymaned_t ypes; |
%si npl e_types;”
>
<l ELEMENT function_return_type
(%par anet er _type;)
>
<I ATTLI ST function_return_type
%ex- prod; "paraneter_type">
254 popul ation = entity_ref <! ELEMENT popul ati on
(%emark;, entity ref)
>
255 preci sion_spec = <I ELEMENT preci si on_spec
nuneri c_expression . (% emark; ,
(%umeri c_expression_top;))
>
256 primary = literal | ( <IENTITY % pri mary
qualifiable_factor { “Oiteral; |
qualifier } ) Y%qual i fiable_factor; |
qualified_factor”
>
<I ELEMENT qualified_factor
(% emar k; ,
(%qual i fiabl e_factor;),
qualifier)
>
<I ATTLI ST qualified_factor
%ex-prod; "qualifiable factor">
257 procedure_call _stm = ( <! ELEMENT procedure_call _stm
built_in_procedure | (% emark; ,
procedure_ref ) | ((%uilt _in_procedure; |
actual _paraneter _list ] ';' procedure_ref),
! %act ual _paranmeter _list;))
>
258 procedure_decl = <l ELEMENT pr ocedur e_decl
procedure_head | (% emar k; , %rocedure_head;,
algorithmhead 1 { stnt } al gori thm head?,
END PROCEDURE ' ;"' ! st at ement _bl ock?)
>
259 procedure_head = PROCEDURE <IENTI TY % procedur e_head
procedure_id [ '(' [ VAR] “procedure_id,
formal _paraneter { ';' [ VAR | procedure_fornal _paraneter_bl ock?”
] formal _paraneter } ')' ] >
260 procedure_id = sinple_id ! <! ELEMENT procedure_id

( #PCDATA)
>
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<I ATTLI ST procedure_id
Yglef _i d; >
261 qualifiable_ factor = <IENTITY % qualifiable_factor
attribute_ref | “attribute_ref |
constant _factor | %onstant _factor; |
function_call | general _ref function_call |
| popul ation ! %general _ref; |
popul ati on”
>
262 qualified_ attribute = SELF <IELEMENT qualified_attribute
group_qualifier (% emark;, %group_qualifier;,
attribute_qualifier ! Y%attribute_qualifier;)
>
263 qualifier = <l ELEMENT qualifier
attribute_qualifier | (% emark; ,
group_qualifier | (%attribute_qualifier; |
i ndex_qualifier ! %group_qualifier; |
i ndex_qualifier)*)
>
264 guery_expressi on = QUERY ' (' <l ELEMENT query
variable id '<*' (% emark;, variable_id,
aggregate_source ' |’ (aggr egat e_source,
| ogi cal _expression ")"' | | ogi cal _expression))
>
<l ATTLI ST query
%ex- prod; "query_expression">
265 real _type = REAL [ ' (' <! ELEMENT r eal
precision_spec ')' ] ! (% emark;, precision_spec?)
>
<l ATTLI ST real
%ex-prod; "real type">
266 referenced attribute = <IENTITY %referenced attribute
attribute_ref | “attribute_ref |
qualified_attribute . qualified_attribute”
>
267 reference_cl ause = REFERENCE | <! ELEMENT reference from
FROM schema_ref [ ' (' (% emark;, schena_ref,
resource_or_rename { ', (inport_all |
resource_or_renanme } ')' ] (constant _i nmport |
ol entity_inport |
function_inport |
procedure_i nmport |
type_inport)+))
>
<I ATTLI ST reference_from
%ex- prod; "reference_cl ause">
268 rel_op ="'< | '">" | "<='" | <IENTITY %rel _op
' B R = “l ess_than |

greater_than |
| ess_t han_or_equal |
greater_than_or_equal |
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not _equal
equal
i nst ance_not _equal
i nstance_equal ”
>
<!l ELEMENT | ess_t han EMPTY >
<l ELEMENT greater_t han EMPTY>
<l ELEMENT | ess_t han_or_equal EMPTY>
<l ELEMENT greater_t han_or_equa
EMPTY>
<l ELEMENT not _equal EMPTY>
<l ELEMENT equal EMPTY>
<I ELEMENT i nst ance_not _equal EMPTY>
<I ELEMENT i nstance_equal EMPTY>
269 rel _op_extended = rel _op | <IENTITY % rel _op_extended
IN| LIKE . “o el _op;
in |
like”
>
270 renane_id = constant _id
entity id | function_id
procedure_id | type_id .
271 repeat _control = | <I ELEMENT repeat _contr ol
i ncrenent _control ] | (% emark;, increment_control
while_control ] [ whi | e?,
until _control ] until ?)
>
272 repeat _stnt = REPEAT <!l ELEMENT repeat _stmt
repeat _control ';' stnt { (% emark;, repeat_control
stm } END _REPEAT ' ;' ! st at emrent _bl ock)
>
273 repetition = <I ELEMENT repetition
nuneri c_expression . (% emark; ,
(%umeri c_expression_top;))
>
274 resource_or_renane = <! ELEMENT const ant _i nport

resource_ref [ AS renane_id

]

(% emark;, constant _id,
const ant _ref)

>

<I ATTLI ST constant _i nport
%ex- pr od;
"resource_or_renane">

<l ELEMENT entity_inport
(%emark;, entity_id,
entity_ref)

>

<I ATTLI ST entity_inport
%ex- pr od;

"resource_or_renane">
<I ELEMENT functi on_i nport
(% emark;, function_id,
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function_ref)
>
<I ATTLI ST functi on_i nport
%ex- pr od;
"resource_or_renane">
<! ELEMENT pr ocedure_i nport
(% emark;, procedure_id,
procedure_ref)
>
<I ATTLI ST procedure_i nport
%ex- pr od;
"resource_or_renane">
ELEMENT type_i nport
(%emark;, type_id,
type_ref)
>
<

<

ATTLI ST type_i nport
%ex- pr od;
"resource_or_renane">
ELEMENT i nport _all EMPTY>
ATTLI ST i nmport _all
%ex- pr od;

" #NONE" >

<!
<

275

resource_ref = constant ref
| entity ref | function_ref
| procedure_ref | type_ref

276

return_stm = RETURN [ ' ('

expression )" ] ;' !

<! ELEMENT return_stnt
(% emark;, (%expression;)?)
>

277

rul e_decl = rule_head |
algorithmhead 1 { stnt }
where _clause END RULE ' ;"' !

<! ELEMENT rul e_dec

(% emark;, 9% ul e_head;,
al gori thm head?,

st at ement bl ock?,

wher e_cl ause)
>

278

rule_head = RULE rule_id FOR
(" entity_ ref { ')’
entity ref } ") ;"'

<IENTITY % rul e_head
“rule_id,
applies_to_entities”

>

<IELEMENT applies_to_entities
(emark;, entity ref+)

>

<I ATTLI ST applies_to_entities
%ex- prod; "rul e_head">

279

rule id = sinple_id !

<TELEMENT rule_id
( #PCDATA)
>

280

schema_body = {
interface_specification } [
constant _decl ] {
declaration | rule_decl }

<IENTI TY % schema_body
“interface_specification_block?,
constant bl ock?,
(%decl ar ati on;
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rul e_decl)*”
>
281 schema_decl = SCHEMA <! ELEMENT schema_decl
schema_id ';"' schenma_body (% emark;, schena_id,
END SCHEMA ' ;' | %schema_body; )
>
282 schema_id = sinple_id ! <! ELEMENT schenma_id
(#PCDATA)
>
<I ATTLI ST schenma_id
Yglef _id; >
283 sel ector = expression . <IENTITY % sel ect or
“Oexpression;”
>
284 sel ect _type = SELECT ' (' <I ELEMENT sel ect
naned_types { ', (% emark; ,
naned_types } ')"' ! (%anmed_t ypes; ) +)
>
<I ATTLI ST sel ect
%ex- prod; "select_type">
285 set _type = SET [ bound_spec <I ELEMENT set _type
] OF base_type ! (% emark;, bound_spec?,
base_type)
>
286 sign ="+ [ "-
287 si nmpl e_expression = term { <IENTITY % SI MPLE_EXPRESSI ON
add_like op term} ! “OdTERM |
si mpl e_expr essi on"
>
<I ELEMENT si npl e_expr essi on
(% emark; ,
(%add_l i ke_op;),
(9ERM ) )
>
288 sinmple_factor = <IENTITY % si npl e_f act or

aggregate_initializer |
entity_constructor |

enuner ati on_reference |

i nterval | query_expression

| ([ unary_op] ('(
expression')' | primary ) )

“aggregate_initializer |
entity_constructor |
enuner ati on_reference |
i nterval |
query |
Y%primary; |
bracket ed_expression |
unary_op”
>
<I ELEMENT br acket ed_expr essi on
(% emark; ,
(Y%expression;))
>
<I ATTLI ST br acket ed_expr essi on
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Y%ex-prod; "()">
289 sinmple_types = binary_type | <IENTITY % si npl e_t ypes
bool ean_type | integer_type “binary | bool ean | integer
| logical _type | nunber_type |logical | nunber | real | string *
| real _type | string type ! >
290 skip_stm = SKIP ";" | <I ELEMENT ski p_stnt
EMPTY
>
291 stm = alias_stnt | <IENTITY % st nt
assignnment _stmt | case_stnt “alias_stnt |
| compound_stnt | assi gnment _st nt
escape_stnt | if_stmt | case_stnt
null_stnt | %onpound_stnt; |
procedure_cal |l _stmt | escape_stnt
repeat _stm | return_stnt | if_stnt
skip_stnt ! null _stnt |
procedure_cal |l _stm
repeat _stm
return_stmt |
skip_stnm”
>
<! ELEMENT st at emrent _bl ock
(%emark;, (%stnt;)+)
>
<! ATTLI ST st at enment bl ock
%ex-prod; "stmt">
292 string_literal = <IELEMENT string_literal
sinmple_string_ literal | (#PCDATA)
encoded_string_literal ! >
293 string_type = STRING | <IELEMENT string
wi dt h_spec ] ! (% emark;, w dth_spec?)
>
<I ATTLI ST string
%ex-prod; "string_type">

294 subsuper = |
supertype_constraint ] |
subtype_decl aration ] !

<IENTITY % subsuper
“(Ysupertype_constraint;)?,
subt ype_of ?”

>
295 subtype_constraint = OF ' ('
supertype_expression ')’
296 subtype_decl aration = <! ELEMENT subt ype_of

SUBTYPE OF ' (' entity_ref {

,'entity ref } ') I

(emark;, entity ref+)
>
<I ATTLI ST subtype_of
%ex- prod; "subtype_decl aration">

297 supertype_constraint =
abstract _supertype_decl arati
on | supertype_rule

<IENTI TY % supertype_constr ai nt
“abstract_supertype
supertype_of *“

>

298 supertype_expression =
supertype_factor { ANDOR

<IENTI TY % supertype_expression
“entity_ref |
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supertype_factor } supertype_one_of |
supertype_and_or |
supertype_and “
>
299 supertype_factor =
supertype_term{ AND
supertype_term}
300 supertype_rul e = SUPERTYPE <l ELEMENT supert ype_of
subt ype_const rai nt (% emark; ,
(Y%supertype_expression;))
>
<I ATTLI ST supertype_of
%ex- prod; "supertype_rule">
<! ELEMENT supertype_and_or
(% emark; ,
(Y%supertype_expression;)+)
>
<I ATTLI ST supertype_and_or
%ex- prod; "supertype_rule">
<! ELEMENT supertype_and
(% emark; ,
(Y%supertype_expression;)+)
>
<I ATTLI ST supertype_and
%ex- prod; "supertype_rule">
301 supertype_term= entity_ref
| one_of | '('
supertype_expression ')’
302 syntax = schema_decl {
schema_decl }
303 term= factor { <IENTITY % TERM
mul tiplication_|like_op “OFACTOR, |
factor } ternt
>
<l ELEMENT term
((%rultiplication_Iike_op;),
(WERM ),
(9ERM ))
>
304 type_decl = TYPE type_id '= <I ELEMENT type_dec
underlying_type ";' | (%emark;, type_id,
where_cl ause | END _TYPE ' ;' under | yi ng_t ype,
! wher e_cl ause?)
>
305 type_id = sinple_id ! <l ELEMENT type_id
(#PCDATA)
>
<I ATTLI ST type_id
Y%def _i d; >
306 type_l abel = type_label _id | <IENTITY % type_| abe

type_l abel _ref

“type_l abel _id

111




| SO/WD 10303-28:1999(E)

Express | Express LRM Synt ax XML DTD el enent definitions
LRM
Ref.
type_l abel ref”
>
307 type_label _id = sinple_id ! <!l ELEMENT type | abel _id
(#PCDATA)
>
<I ATTLI ST type_I| abel _id
%def _i d; >
308 unary_op = '+ "-' | NOT . <IENTITY % UNARY_CP
"plus | negate | not™
>
<!l ELEMENT unary_op
(% emark; ,
(YUNARY_OP; ),
(%rimry;
br acket ed_expressi on))
>
<! ELEMENT pl us EMPTY>
<! ATTLI ST pl us
%ex- prod; "+">
<!l ELEMENT negate EMPTY>
<I ATTLI ST negate
%ex-prod; "-">
309 underlying_type = <I ELEMENT underlyi ng_type
constructed_types | (% emark; ,
aggregati on_types | (%eonstruct ed_types;
sinple_types | type_ref %ggr egat i on_t ypes;
%si npl e_t ypes;
type_ref))
>
310 uni que_cl ause = UNI QUE <l ELEMENT uni que_cl ause
unique_rule ";" { (% emar k; , uni que_rul et)
unique_rule ";" } ! >
311 unique_rule = [ label ":" ] <! ELEMENT uni que_rul e
referenced_attribute { ', (% emark;, |abel?,
referenced_attribute } (% eferenced_attribute;)+)
>
312 until _control = UNTIL <! ELEMENT unti |
| ogi cal _expression ! (% emark;, |ogical _expression)
>
<! ATTLI ST until
%ex-prod; "until_control ">
313 use _cl ause = USE FROM <! ELEMENT use_from
schema_ref [ ' (' (% emark;, schenma_ref,
naned_type_or_renane { ',’ (inport_all |
naned_type_or_renane } ')' ] (entity_inport
! type_inport)+))
>
<I ATTLI ST use_from
%ex- prod; "use_cl ause">
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314 variable_id = sinple_id ! <!l ELEMENT variable_ id
(#PCDATA)
>
<I ATTLI ST variable_ id
Yglef _id; >
315 where cl ause = WHERE <! ELEMENT where_cl ause
domain_rule ";' { (% emar k; , domai n_rul e+)
domain_rule ';" } ! >
316 while control = WH LE <! ELEMENT whil e
| ogi cal _expression ! (% emark;, |ogical _expression)
>
<I ATTLI ST whi l e
%ex- prod; "while control ">
317 wi dt h = nuneri c_expression . <IENTITY % w dt h
“Omuneri c_expression_top;”
>
318 wi dth_spec ="' (' width )" [ <I ELEMENT wi dt h_spec
FI XED ] (emark;, (%idth;),
fixed?)
>
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Annex G
(informative)

Examples

G.1 LateBound DTD examples

An example schema that illustrates many features of the EXPRESS language is presented, first in
EXPRESS (1SO 10303-11) and then in XML according to the late bound DTD.

G.1.1 Exampleschemain EXPRESS

(* This is an exanple nodel created by Alan WIllians (The University of
Manchester) to illustrate different aspects of EXPRESS. It has been
nodi fied to have exanples of multiple inheritance, type hierarchy and
mul ti ple schemas. *)

SCHEMA nr _j ones_gar den;
REFERENCE FROM support _itens;

CONSTANT
wat er _vol ume_per _fish: INTEGER : = 1;
wat er _vol unme_per _anphi bi an: | NTEGER : = 2;
wat er _vol une_per _ornanent: |NTEGER : = 3;
END_CONSTANT;

(*
** The description of the domain states that all the flowers in M
** Jones's garden are either coloured red, yellow or white. For this
** reason, "flower_colour"” has been nodell ed as an enunerated type.
*
TYPE fl ower _col our
= ENUMERATI ON OF (red, yellow, white);
END_TYPE;

TYPE pond_or nanent
= ENUMERATI ON OF (waterfall, fountain, bridge);
END_TYPE;
TYPE fish_type
= ENUMERATI ON OF (koi, gol dfish);
END_TYPE;

TYPE aquatic_pl ant _types
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= ENUMERATION OF (lilly, weed, |otus);
END_TYPE;

TYPE anphi bi an
= ENUMERATI ON OF (frog, newt);
END_TYPE;

ENTI TY wat er _treat nent _system
ABSTRACT SUPERTYPE OF (punping_system AND filtration_systen);
capacity: positive_integer;

END_ENTI TY;

ENTITY filtration_system
SUBTYPE OF (water_treatnment_systen);
filtration_efficiency: efficiency;
nunber _of filters: positive_integer;
END_ENTI TY;

ENTI TY punpi ng_system
SUBTYPE OF (water_treatnment_systen);
punpi ng_efficiency: efficiency;
nunber _of _punps: positive_integer;
END_ENTI TY;

ENTI TY pond
ABSTRACT SUPERTYPE OF
(ONECF (fish_pond, anphibian_pond) ANDCR or nament al _pond);
mai nt ai ned_by: OPTI ONAL wat er _treat ment _system
plants: SET[1:7?] OF aquatic_pl ant;
wat er _vol une: positive_integer;
wat er _ph: ph;
END_ENTI TY;

ENTI TY fish_pond
SUBTYPE OF (pond);
fish: SET [1:?] OF fish_type;

DERI VE
SELF\ pond. wat er _vol une: positive_integer := water_volunme_per_fish *
SI ZEOF(fi sh);

END_ENTI TY;

ENTI TY anphi bi an_pond

SUBTYPE OF (pond);

anphi bi ans: SET [1:7?] OF anphi bi an;
DERI VE

SELF\ pond. wat er _vol une: positive_integer :=

wat er _vol unme_per _anphi bi an * Sl ZECF( anphi bi ans) ;
END_ENTI TY;

ENTI TY or nament al _pond
SUBTYPE OF (pond);
ornanents: SET [1:?] OF pond_ornanent;
DERI VE
SELF\ pond. wat er _vol une: positive_integer :=
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wat er _vol une_per _ornanent * S| ZEO-(ornanents);

END_ENTI TY;

(*

** The "garden"” is the main entity of the nodel. Al information
wi t hin

** the description which is not related to the garden and its contents
** has been ignored e.g. M Jones hinself and the |local horticultura
** society.

** The set aggregate has been used for the relationship between a
** "garden" and the "beds" in it. List and array were rejected as
** there

** is no indication within the description of ordering. Bag was
** rejected

** as a "bed" cannot occur in the "garden" nore than once.

*

ENTI TY garden;

has_pond : fish_pond;

has_gr eenhouse . greenhouse;

climatic_tenperature_range : tenperature_range;

has_beds : SET [5 : 5] OF bed;
END_ENTI TY;

(*
** The "only_one_garden” rule ensures that the nodel only allows one
** garden to exist within the domain.
*
RULE onl y_one_garden FOR (garden);
VWHERE

nT _j ones_has_one_garden :

SI ZEOF (garden) =1

END_RULE

(*

** A "greenhouse" is a greenhouse within M Jones's "garden". It
** contains a set of at |east one "greenhouse_plants". The

" greenhouse"
** al so has an associ ated "tenperature"

** The "greenhouse" is constrained to associated with one and only one
** "garden". Since there is "only_one_garden” in the domain, there is
* % no

** need to explicitly constrain the nodel to only allow one

** "greenhouse".

*

ENTI TY gr eenhouse;

enforced_tenperature_range : tenperature_range;

hol ds_pl ant s : SET [1 : ?] OF greenhouse_pl ant;
| NVERSE

t he_garden : garden FOR has_greenhouse
END_ENTI TY;

(*
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** A "bed" is a flower bed within M Jones's "garden". It contains a
set

** of at |east one "outdoors_plant". It also has an associated "ph"
** val ue.

** Each "bed" is constrained to associated with one and only one

** "garden". Since there is "only_one_garden” in the domain, and the
** "garden" is related to exactly five flower "beds" there is no

** need to explicitly constrain the nodel to only allow only five

** "peds".

** The acidity of each "bed" is different i.e. unique.
*

ENTI TY bed;

acidity : ph

hol ds_pl ant s : SET [1 : ?] OF outdoors_pl ant;
| NVERSE

t he_garden : garden FOR has_beds;
UNI QUE

every bed_has_a different_acidity :

acidity;

END_ENTI TY;
(*
** A "plant” is a flowering plant within either the "greenhouse" or a
** "ped". These kinds of "plant” are distinct and are represented by
t he

** two subtypes of "plant", nanmely "greenhouse_plant" and
** "outdoors_plant".

** Al "plants" have an associated "flower_colour”. They nust have a
** unique Latin "plant_name". |In addition they nay have one or nore
** English "plant_names”. The English "plant_nanes" are not unique
** since

** several different species of "plants" may have the sane English
** "plant _name".

** The description states that none of the "plants" inside the

** "greenhouse" can survive outside it. This, together with the fact
** that M Jones is a keen gardener, has been taken to inply that the
** "plants" he places inside the "greenhouse" can survive there.

** Simlarly, the "outdoors_plants" nust be able to survive in the

** "garden". Therefore, the "tenperature_range" which a "plant" can
** survive inis relevant to all "plants".

*

ENTI TY pl ant

ABSTRACT SUPERTYPE OF
(ONECF (greenhouse_pl ant, outdoors_plant, aquatic_plant));

col our . flower _colour;
| atin_name : plant _nane;
engl i sh_names : OPTIONAL SET [1 : ?] OF plant_nane;
survival _tenperature_range : tenperature_range;
UNI QUE
the_l atin_name_of _a_pl ant _species_is_uni que
| ati n_nare;
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END_ENTI TY;

(*

** A "greenhouse_plant” is a "plant” which can only survive within the
** "greenhouse". |In order to ensure that the "greenhouse_plant" may
gr ow

** within the "greenhouse" it has an associated "tenperature" range.

** A "greenhouse_plant" nust be inside the "greenhouse"

** A "greenhouse_plant" nust be able to survive in the
** "tenperature_range" of the "greenhouse".

** A "greenhouse_plant" cannot survive in the "tenperature_range" of
** the
** "garden". Note that this does not prevent the "tenperature_ranges
* % Of
** the "garden" and "greenhouse" from overl appi ng.
*
ENTI TY greenhouse_pl ant
SUBTYPE OF (plant);
| NVERSE
t he_greenhouse . greenhouse FOR hol ds_pl ant s;
VWHERE
ri:

(* A greenhouse plant can survive in the greenhouse tenperature
* % *)

i s_sub_range (the_greenhouse. enforced_t enperature_range,
SELF\ pl ant . survi val _t enper at ure_range);

r2 .
(* A greenhouse plan cannot survive in the garden tenperature *)
NOT is_sub_range
(the_greenhouse. the_garden. climati c_tenperature_range,
SELF\ pl ant . survi val _t enperat ure_range);
END_ENTI TY;

(*

** An "outdoors_plant” is a "plant" which can survive outside of the
** "greenhouse". It nmust be grown in a flower "bed". |In order to
ensure

** that the "outdoors_plant” can cope with the acidity of the "bed" it
** has an associ ated "ph_range".

** The "ph_range" of the "outdoors_plant” rmust include the "ph" of the
** "ped".
*
ENTI TY out door s_pl ant
SUBTYPE OF (plant);

survival _ph_range : ph_range;
| NVERSE

t he_beds : SET [1 : ?] OF bed FOR hol ds_pl ant s;
VWHERE

ri:

(* The ph range of the outdoors plant nust include the ph val ue
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** of the
bed *)
QUERY (b <* the_beds
value_is_w thin_range (b.acidity, survival_ph_range))
= t he_beds;

r2 .
(* An outdoors plant can survive in the garden tenperature *)
i s_sub_range (the_beds
[1].the_garden. climatic_tenperature_range,
SELF\ pl ant . survi val _t enperat ure_range);
END_ENTI TY;

ENTI TY aquati c_pl ant
SUBTYPE OF (plant);
aquatic_pl ant _type: aquatic_pl ant _types;
oxygen_vol unmetric_requi renent: positive_integer
aquatic_pl ant _si ze: positive_integer
END_ENTI TY;

(*
** This function checks that a real value lies within the specified
** "real _val ue_range".
*
FUNCTI ON value_is_ within_range (v : REAL
r : real value_range) : BOOLEAN,

RETURN ( (v >= r.mni mumyvalue) AND (v <= r.maxi mum val ue));

END_FUNCTI ON;

*

** This function checks that one "real value_range" is conpletely
** contai ned within another
*
FUNCTION i s_sub_range (rl
r2 : real _value_range) : BOCOLEAN,
RETURN (value_is within_range (r1.m nimumvalue, r2) AND

val ue_is_w thin_range (rl.nmaxi mumyvalue, r2));

END_FUNCTI ON;

END_SCHEMA;

SCHENMA support _iterms;

*

** The appropriate base type to use for "tenperature" is not clear
from
** the description. However, given that M Jones takes great care of
** "tenperature" values it was decided to nodel it as a real val ue.
*)
TYPE tenperature

= REAL;
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END_TYPE

(*
** Both "tenperatures” and "ph" values for a plant are within a
** "real _val ue_range".
*
ENTI TY real _val ue_range
ABSTRACT SUPERTYPE OF
(ONECF (tenperature_range, ph_range));

m ni mum val ue REAL;
maxi mum val ue . REAL;
VWHERE

t he_val ues_rnust be sensi bl e
maxi mum val ue >= m ni nrum val ue;
END_ENTI TY;

(*
** A "plant” is able to survive within a "tenperature_range". The
** "garden" wi |l throughout the year have a "tenperature_range" which
t he
** "outdoors_plants" nust be able to survive in. Simlarly, the
** "greenhouse" has a "tenperature_range" which the
"greenhouse_pl ant s"
** can survive in.
*
ENTI TY tenperature_range

SUBTYPE OF (real val ue_range);

SELF\r eal _val ue_range. m ni mum val ue : tenperature;

SELF\r eal _val ue_r ange. maxi mum val ue : tenperature;
END_ENTI TY;

*

** The description nentions both Latin names and English names for

** "plants". These two “types' of "plant_nanme" were considered to
have

** sufficient in conmon to justify their nodelling by a single defined

** type.

** |t is not clear if sone constraints should be specified for
** "plant_name". For exanple, it may sensible to ensure that it is
** not
** enpty and that it is al phabetic.
*
TYPE pl ant _nane
= STRI NG
END_TYPE

** The acidity of the "beds" and the range acceptable to

** "ogutdoors_plants" has been nodelled by the defined type "ph". It
is
** not clear which base type should be used for "ph"; however, given

t hat
** M Jones takes pride in conpatibility of values, it was decided to
use
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** the real type.

** A "ph" value is constrained to being between zero and fourteen. In
** reality, it is highly unlikely that M Jones would ever use "ph"
** val ues near the extrenes. However, there is no indication of nore
** realistic limts within the domain description
*
)
TYPE ph

= REAL;
VWHERE

the_ph_is_between_0_and_14 :

{0 <= SELF <= 14};

END TYPE

(*
** An "outdoors_plant”, indeed any "plant", can survive a range of
n pI,]ll
** val ues.
*
ENTI TY ph_range
SUBTYPE OF (real _val ue_range);
SELF\real _val ue_range. m ni mum val ue : ph
SELF\r eal _val ue_r ange. maxi mum val ue : ph

END_ENTI TY;
TYPE positive_integer = | NTEGER
VWHERE
positive_only: SELF > 0O;
END_TYPE
TYPE percent age = REAL;
VWHERE
bet ween_0_and_100: {0.0 <= SELF <= 100. 0};
END_TYPE
TYPE fractional val ue = REAL;
VWHERE
between_0 _and_1: {0.0 <= SELF <= 1.0};
END_TYPE
TYPE efficiency = SELECT (percentage, fractional val ue);
END_TYPE
END_SCHENA,

G 1. 2Example schemain XML

This schema presented in the previous sub-clause is encoded in XML asfollows:

<?xm version="1.0"?>
<I DOCTYPE express_driven_data SYSTEM "express-dtd-v6. dtd">
<express_driven_dat a>
<schena_decl >
<enbedded_remark>This is an exanpl e nodel created by Al an
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WIlliams (The
Uni versity of Manchester) to illustrate different
aspects of EXPRESS. It has
been nodified to have exanples of multiple
i nheritance, type hierarchy and
mul ti pl e schemas. </ enbedded_r emar k>
<schema_i d>mr _j ones_gar den</ schena_i d>
<i nterface_specification_bl ock>
<reference_frone
<schema_r ef >support _itens</schema_ref><inport_all/>
</reference_frome
</interface_specification_bl ock>
<const ant bl ock>
<const ant _decl >
<const ant _i d>wat er _vol une_per _fi sh</constant _i d>
<base_t ype><i nt eger/ >
</ base_t ype>
<integer _literal >1</integer_literal >
</ const ant _decl >
<const ant _decl >
<const ant _i d>wat er _vol une_per _anphi bi an</ const ant _i d>
<base_t ype><i nt eger/ >
</ base_t ype>
<integer _literal >2</integer_literal >
</ const ant _decl >
<const ant _decl >
<const ant _i d>wat er _vol unme_per _or nanent </ const ant _i d>
<base_t ype><i nteger/ >
</ base_t ype>
<integer _literal >3</integer_literal >
</ const ant _decl >
</ const ant bl ock>
<type_decl >
<enbedded_r emark>** The description of the domain
states that all the
flowers in M ** Jones's garden are either
coloured red, yellow or white. For
this ** reason, "flower_col our” has been
nodel | ed as an enunerated type.
</ enbedded_renar k>
<type_i d>f| ower _col our</type_id>
<under| yi ng_t ype>
<enuner ati on>
<enurer ati on_i d>red</ enuneration_i d>
<enunerati on_i d>yel | ow</ enunerati on_i d>
<enurerati on_i d>whi t e</ enunerati on_i d>
</ enumer ati on>
</ underlying_type>
</type_decl >
<type_decl >
<type_i d>pond_or nanment </ type_i d>
<under| yi ng_t ype>
<enuner ati on>
<enuneration_id>waterfal | </enuneration_id>
<enurer at i on_i d>f ount ai n</ enurnerati on_i d>
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<enuner ati on_i d>bri dge</ enuneration_i d>
</ enurmer ati on>
</ underlying_type>
</type_decl >
<type_decl >
<type_id>fish_type</type_id>
<under| yi ng_t ype>
<enuner ati on>
<enuneration_id>lilly</enuneration_id>
<enurer ati on_i d>weed</ enuner ati on_i d>
<enurneration_i d>l ot us</ enuneration_i d>
</ enumer ati on>
</ underlying_type>
</type_decl >
<type_decl >
<type_i d>anphi bi an</type_i d>
<under| yi ng_t ype>
<enuner ati on>
<enuner ati on_i d>f rog</ enuneration_i d>
<enurerati on_i d>newt </ enurnrer ati on_i d>
</ enurmer ati on>
</ underlying_type>
</type_decl >
<entity_decl >
<entity_id>water_treatnent_systenx/entity_id>
<abstract_supertype>
<supertype_and>
<entity_ref>punping_systenx/entity_ref>
<entity ref>filtration_systenx/entity ref>
</ supertype_and>
</ abstract _supertype>
<explicit_attr_bl ock>
<explicit_attr>
<attribute_id>capacity</attribute_id>
<base_t ype>
<type_ref>positive_integer</type_ref>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
</entity_decl >
<entity_decl >
<entity_ id>filtration_systenx/entity_id>
<subt ype_of >
<entity_ref>water_treatnment_systenx/entity_ref>
</ subt ype_of >
<explicit_attr_bl ock>
<explicit_attr>
<attribute_id>filtration_efficiency</attribute_id>
<base_t ype>
<type_ref>efficiency</type_ref>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<attribute_ id>nunber_of filters</attribute_ id>
<base_t ype>
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<type_ref>positive_integer</type_ref>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
</entity_decl >
<entity_decl >
<entity_id>punpi ng_systenx/entity_id>
<subt ype_of >
<entity_ref>water_treatnment_systenx/entity_ref>
</ subt ype_of >
<explicit_attr_bl ock>
<explicit_attr>
<attribute_id>punping_efficiency</attribute_id>
<base_t ype>
<type_ref>efficiency</type_ref>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<attribute_id>nunber_of punps</attribute_id>
<base_t ype>
<type_ref>positive_integer</type_ref>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
</entity_decl >
<entity_decl >
<entity_id>pond</entity_id>
<abstract_supertype>
<supertype_and_or>
<supertype_one_of >
<entity_ ref>fish _pond</entity_ref>
<entity_ref>anphi bi an_pond</entity_ref>
</ supertype_one_of >
<entity_ref>ornanental pond</entity_ref>
</ supertype_and_or >
</ abstract _supertype>
<explicit_attr_bl ock>
<explicit_attr>
<attribute_id>maintained_by</attribute_id><optional/>
<base_t ype>
<entity_ref>water_treatnment_systenx/entity_ref>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<attribute_id>plants</attribute_id>
<base_t ype>
<set _type>
<bound_spec>
<l ower _bound>
<integer _literal >1</integer_literal >
</ | ower bound>
<upper _bound><i ndet er m nat e/ >
</ upper _bound>
</ bound_spec>
<base_t ype>
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<entity_ref>aquatic_plant</entity ref>
</ base_t ype>
</set _type>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<attribute_ id>water _volune</attribute_ id>
<base_t ype>
<type_ref>positive_integer</type_ref>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<attribute_id>water_ph</attribute_id>
<base_t ype>
<type_ref>ph</type_ref>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
</entity_decl >
<entity_decl >
<entity_id>fish_pond</entity_id>
<subt ype_of >
<entity_ref>pond</entity_ref>
</ subt ype_of >
<explicit_attr_bl ock>
<explicit_attr>
<attribute_ id>fish</attribute_ id>
<base_t ype>
<set _type>
<bound_spec>
<l ower _bound>
<integer _literal >1</integer_literal >
</ | ower bound>
<upper _bound><i ndet er m nat e/ >
</ upper _bound>
</ bound_spec>
<base_t ype>
<type_ref>fish_type</type_ref>
</ base_t ype>
</set _type>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
<derive_cl ause>
<derived attr>
<qual ified_attribute>
<entity_ref>pond</entity_ref>
<attribute ref>water_volunme</attribute ref>
</qualified_attribute>
<base_t ype>
<type_ref>positive_integer</type_ref>
</ base_t ype>
<terne<nul tiply/>
<const ant _r ef >wat er _vol unme_per _fi sh</constant _ref>
<function_cal |l ><si zeof / >
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<attribute ref>fish</attribute ref>
</function_call>
</ternp
</derived attr>
</ derive_cl ause>
</entity_decl >
<entity_decl >
<entity_id>anphi bi an_pond</entity_id>
<subt ype_of >
<entity_ref>pond</entity_ref>
</ subt ype_of >
<explicit_attr_bl ock>
<explicit_attr>
<attribute_id>anphi bi ans</attribute_id>
<base_t ype>
<set _type>
<bound_spec>
<l ower _bound>
<integer _literal >1</integer_literal >
</ | ower bound>
<upper _bound><i ndet er m nat e/ >
</ upper _bound>
</ bound_spec>
<base_t ype>
<t ype_ref >anphi bi an</type_ref >
</ base_t ype>
</set _type>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
<derive_cl ause>
<derived attr>
<qualified_attribute>
<entity_ref>pond</entity_ref>
<attribute ref>water_volunme</attribute ref>
</qualified_attribute>
<base_t ype>
<type_ref>positive_integer</type_ref>
</ base_t ype>
<terne<nul tiply/>

<const ant _r ef >wat er _vol unme_per _anphi bi an</ const ant _ref >

<function_cal |l ><si zeof / >
<attribute_ref>anphi bians</attribute_ref>
</function_call>
</ternp
</derived attr>
</ derive_cl ause>
</entity_decl >
<entity_decl >
<entity_id>ornanmental pond</entity_id>
<subt ype_of >
<entity_ref>pond</entity_ref>
</ subt ype_of >
<explicit_attr_bl ock>
<explicit_attr>
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<attribute_ id>ornanents</attribute_ id>
<base_t ype>
<set _type>
<bound_spec>
<l ower _bound>
<integer _literal >1</integer_literal >
</ | ower _bound>
<upper _bound><i ndet er m nat e/ >
</ upper _bound>
</ bound_spec>
<base_t ype>
<type_ref>pond_or nanment </ type_ref>
</ base_t ype>
</set _type>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
<derive_cl ause>
<derived attr>
<qual ified_attribute>
<entity_ref>pond</entity_ref>
<attribute ref>water_volunme</attribute ref>
</qualified_attribute>
<base_t ype>
<type_ref>positive_integer</type_ref>
</ base_t ype>
<terne<nul tiply/>
<const ant _r ef >wat er _vol ume_per _or nanent </ const ant _r ef >
<function_cal |l ><si zeof / >
<attribute ref>ornaments</attribute ref>
</function_call>
</ternp
</derived attr>
</ derive_cl ause>
</entity_decl >
<entity_decl >
<enbedded_remark>** The "garden" is the main entity
of the nodel. Al information within
** the description which is not related to the garden and its contents
** has been ignored e.g. M Jones hinself and the local horticultura
** society.
** The set aggregate has been used for the relationship between a
** "garden" and the "beds" in it. List and array were rejected as
** there ** is no indication within the description of ordering. Bag was
** rejected
** as a "bed" cannot occur in the "garden" nore than once.
</ enbedded_renar k>
<entity_id>garden</entity_id>
<explicit_attr_bl ock>
<explicit_attr>
<attribute_id>has_pond</attribute_id>
<base_t ype>
<entity_ ref>fish _pond</entity_ref>
</ base_t ype>
</explicit_attr>
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<explicit_attr>

<attribute_id>has_greenhouse</attribute_id>

<base_t ype>

<entity_ref>greenhouse</entity_ref>

</ base_t ype>
</explicit_attr>
<explicit_attr>

<attribute_id>climatic_tenperature_range</attribute_id>

<base_t ype>

<entity_ref>tenperature_range</entity ref>

</ base_t ype>
</explicit_attr>
<explicit_attr>

<attribute_ id>has_beds</attribute_ id>

<base_t ype>
<set _type>
<bound_spec>
<l ower _bound>

<integer _literal >5</integer_literal >

</ | ower bound>
<upper _bound>

<integer _literal >5</integer_literal >

</ upper _bound>
</ bound_spec>
<base_t ype>
<entity_ref>bed</entity_ref>
</ base_t ype>
</set _type>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
</entity_decl >
<rul e_decl >

<enbedded_r emark>** The "onl y_one_garden”

rul e ensures that the nodel

only allows one ** garden to exist within

the domai n. </enbedded renmar k>
<rul e_id>only_one_garden</rul e_i d>
<applies_to_entities>
<entity_ref>garden</entity_ref>
</applies_to_entities>
<wher e_cl ause>
<donai n_rul e>

<l abel >nr _j ones_has_one_gar den</| abel >

<l ogi cal _expressi on>
<rel ati on_expressi on><equal / >
<function_cal |l ><si zeof / >
<popul ati on>

<entity_ref>garden</entity_ref>

</ popul ati on>
</function_call>

<integer _literal >1</integer_literal >

</rel ati on_expressi on>
</l ogi cal _expressi on>
</ domai n_rul e>
</where_cl ause>
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</rul e_decl >
<entity_decl >
<enbedded_r emark>** A "greenhouse" is a greenhouse
within M Jones's
"garden". It ** contains a set of at |east
one "greenhouse_pl ants". The
"greenhouse" ** al so has an associ at ed
"tenperature". ** The "greenhouse" is
constrained to associated with one and only
one ** "garden". Since there is
"only_one_garden"” in the domain, there is
** no ** need to explicitly constrain
the nodel to only allow one **
"greenhouse". </enbedded_renmark>
<entity_id>greenhouse</entity_id>
<explicit_attr_bl ock>
<explicit_attr>
<attribute_id>enforced_tenperature_range</attribute_id>
<base_t ype>
<type_ref >t enperature_range</type_ref>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<attribute_id>holds_plants</attribute_id>
<base_t ype>
<set _type>
<bound_spec>
<l ower _bound>
<integer _literal >1</integer_literal >
</ | ower _bound>
<upper _bound><i ndet er m nat e/ >
</ upper _bound>
</ bound_spec>
<base_t ype>
<entity_ref>greenhouse_plant</entity_ref>
</ base_t ype>
</set _type>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
<i nverse_cl ause>
<inverse_ attr>
<attribute_id>the_garden</attribute_id>
<entity_ref>garden</entity_ref>
<attribute_ref>has_greenhouse</attribute_ref>
</inverse attr>
</inverse_cl ause>
</entity_decl >
<entity_decl >
<enbedded remark>** A "bed" is a flower bed within
M Jones's "garden”
It contains a set ** of at |east one
"outdoors_plant". It also has an
associ ated "ph" ** value. ** Each "bed" is
constrained to associ ated with one
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and only one ** "garden". Since there is
"only_one_garden” in the domain, and
the ** "garden" is related to exactly five
flower "beds" there is no **need to
explicitly constrain the nodel to only
allow only five ** "beds". ** The
acidity of each "bed" is different i.e.
uni que. </enbedded_remar k>
<entity_id>bed</entity_id>
<explicit_attr_bl ock>
<explicit_attr>
<attribute_id>acidity</attribute_id>
<base_t ype>
<type_ref>ph</type_ref>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<attribute_id>holds_plants</attribute_id>
<base_t ype>
<set _type>
<bound_spec>
<l ower _bound>
<integer _literal >1</integer_literal >
</ | ower bound>
<upper _bound><i ndet er m nat e/ >
</ upper _bound>
</ bound_spec>
<base_t ype>
<entity_ref>outdoors_plant</entity_ref>
</ base_t ype>
</set _type>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
<i nverse_cl ause>
<inverse attr>
<attribute_id>the_garden</attribute_id>
<entity_ref>garden</entity_ref>
<attribute ref>has beds</attribute ref>
</inverse attr>
</inverse_cl ause>
<uni que_cl ause>
<uni que_rul e>
<l abel >every_bed_has_a_different_acidity</I|abel >
<attribute_ref>acidity</attribute_ref>
</ uni que_rul e>
</ uni que_cl ause>
</entity_decl >
<entity_decl >
<enbedded_remark>** A "plant" is a flowering plant
within either the
"greenhouse" or a ** "bed". These ki nds of
"plant” are distinct and are
represented by the ** two subtypes of
"plant”, nanmely "greenhouse_plant" and **
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"outdoors_plant". ** Al "plants" have an associ at ed
"flower _colour".
They nust
have a ** unique Latin "plant_nane". In
additi on they may have one or nore **
English "plant_names”. The English
"pl ant _nanes" are not unique ** since **
several different species of "plants" may
have the sanme English **
"plant _nane". ** The description states
that none of the "plants" inside the **
"greenhouse" can survive outside it. This,
together with the fact ** that M
Jones is a keen gardener, has been taken to
inmply that the ** "plants" he
pl aces inside the "greenhouse" can survive
there. ** Simlarly, the
"out doors_plants" must be able to survive
in the ** "garden". Therefore, the
"tenperature_range" which a "plant" can **
survive in is relevant to al
"pl ant s". </ enbedded_r emar k>
<entity_id>plant</entity_id>
<abstract_supertype>
<supertype_one_of >
<entity_ref>greenhouse_plant</entity_ref>
<entity_ref>outdoors_plant</entity_ref>
<entity_ref>aquatic_plant</entity_ ref>
</ supertype_one_of >
</ abstract _supertype>
<explicit_attr_bl ock>
<explicit_attr>
<attribute_ id>colour</attribute_ id>
<base_t ype>
<type_ref>fl ower_col our</type_ref>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<attribute_ id>atin_nane</attribute_ id>
<base_t ype>
<type_ref>pl ant _name</type_ref>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<attribute_id>english_names</attribute_id><optional/>
<base_t ype>
<set _type>
<bound_spec>
<l ower _bound>
<integer _literal >1</integer_literal >
</ | ower bound>
<upper _bound><i ndet er m nat e/ >
</ upper _bound>
</ bound_spec>
<base_t ype>

131



| SO/WD 10303-28:1999(E) © 180

<type_ref>pl ant _name</type_ref>
</ base_t ype>
</set _type>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<attribute_id>survival _tenperature_rnage</attribute_id>
<base_t ype>
<entity_ref>tenperature_range</entity ref>
</ base_t ype>

</explicit_attr>
</explicit_attr_bl ock>
<uni que_cl ause>

<uni que_rul e>

<l abel >t he_l ati n_nane_of _a_pl ant _i s_uni que</ | abel >
<attribute ref>latin_name</attribute ref>

</ uni que_rul e>
</ uni que_cl ause>

</entity_decl >
<entity_decl >
<enbedded_r emark>** A "greenhouse_plant” is a
"plant” which can only

survive within the ** "greenhouse". In

order to ensure that the

"greenhouse_plant” may grow ** within the

"greenhouse" it has an associ ated
"tenperature” range. ** A "greenhouse_plant" nust be inside the
"greenhouse”.

** A "greenhouse_plant" nust be able to

survive in the ** "tenperature_range"

of the "greenhouse". ** A

"greenhouse_pl ant" cannot survive in the

"tenperature_range" of ** the ** "garden".

Note that this does not prevent the

"tenperature_ranges" ** of ** the "garden"

and "greenhouse" from overl apping.

*) </ enbedded_r enmar k>
<entity_id>greenhouse_plant</entity_id>
<subt ype_of >

<entity ref>plant</entity_ref>
</ subt ype_of >
<i nverse_cl ause>

<inverse attr>

<attribute_id>the_greenhouse</attribute_id>
<entity_ref>greenhouse</entity_ref>
<attribute_ref>holds_plants</attribute_ref>
</inverse attr>
</inverse_cl ause>
<wher e_cl ause>
<donai n_rul e>
<l abel >r 1</ | abel >
<l ogi cal _expressi on>
<enmbedded_remar k>A
greenhouse plant can survive in the greenhouse
t enper at ur e</ enbedded_r emar k>
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<function_call>
<function_ref>s_sub_range</function_ref>
<qual i fied_factor>
<attribute_ref>the_greenhouse</attribute_ref>
<qual ifier>
<attribute_ref>enforced_tenperature_range</attribute_ref>
</qualifier>
</qualified_factor>
<qual i fied_factor><sel f/>
<qual ifier>
<entity ref>plant</entity_ref>
<attribute_ref>survival tenperature_range</attribute_ref>
</qualifier>
</qualified_factor>
</function_call>
</l ogi cal _expressi on>
</ domai n_rul e>
<donai n_rul e>
<l abel >r 2</| abel >
<l ogi cal _expressi on>
<enmbedded_remar k>A
greenhouse plan cannot survive in the garden
t enper at ur e</ enbedded_r emar k>
<unary_op><not />
<function_call>
<function_ref> s_sub_range</function_ref>
<qual i fied_factor>
<attribute_ref>the_greenhouse</attribute_ ref>
<qual ifier>
<attribute_ref>the_garden</attribute_ref>
<attribute_ref>climatic_tenperature_range</attribute_ref>
</qualifier>
</qualified_factor>
<qual i fied_factor><sel f/>
<qual ifier>
<entity ref>plant</entity_ref>
<attribute_ref>survival tenperature_range</attribute_ref>
</qualifier>
</qualified_factor>
</function_call>
</ unary_op>
</l ogi cal _expressi on>
</ domai n_rul e>
</where_cl ause>
</entity_decl >
<entity_decl >
<enbedded_remark>** An "outdoors_plant" is a
"plant” which can survive
out side of the ** "greenhouse". It nust be grown in a flower "bed"
In
order to
ensure ** that the "outdoors_plant"” can
cope with the acidity of the "bed" it
** has an associ ated "ph_range". ** The
"ph_range" of the "outdoors_plant" nust
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i ncl ude the "ph" of the ** "bed"
<enbedded_r emar k>ENTI TY out door s_pl ant
SUBTYPE OF (plant);
survival _ph_range : ph_range;
| N\VERSE the_beds : SET [1 : ?] OF bed FOR
hol ds_plants; WHERE r1 : (* *)
QUERY (b & t;* the_beds | value_is_within_range
(b.acidity, survival_ph_range)) = the_beds;
pl ant can
survive in the garden tenperature
*) is_sub_range (the_beds
[1].the_garden. climatic_tenperature_range,
SELF\ pl ant . survi val _tenperature_range); END _ENTITY;
</ enbedded_r emar k></ enbedded_r enmar k>
<entity_id>outdoors_plant</entity_id>
<subt ype_of >
<entity ref>plant</entity_ref>
</ subt ype_of >
<explicit_attr_bl ock>
<explicit_attr>
<attribute_id>survival _ph_range</attribute_id>
<base_t ype>
<entity_ref>ph_range</entity ref>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
<i nverse_cl ause>
<inverse attr>
<attribute_ id>the beds</attribute_ id>
<entity_ref>bed</entity_ ref>
<attribute_ref>holds_plants</attribute_ref>
<i nverse_set >
<bound_spec>
<l ower _bound>
<integer _literal >1</integer_literal >
</ | ower _bound>
<upper _bound><i ndet er mi nat e/ >
</ upper _bound>
</ bound_spec>
</inverse_set>
</inverse attr>
</inverse_cl ause>
<wher e_cl ause>
<donai n_rul e>
<enbedded_r emar k>The ph range of
t he outdoors plant nust include the
ph value ** of the bed
</ enbedded_renar k>
<l abel >r 1</ | abel >
<l ogi cal _expressi on>
<rel ati on_expressi on><equal / >
<query>
<vari abl e_i d>b</vari abl e_i d>
<aggr egat e_sour ce>
<attribute ref>the beds</attribute ref>
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</ aggr egat e_sour ce>
<l ogi cal _expressi on>
<function_call>
<function_ref>val ue_is_w thin_range</function_ref>
<qual i fied_factor>
<vari abl e_ref>b</vari abl e_ref>
<qual ifier>
<attribute_ref>acidity</attribute_ref>
</qualifier>
</qualified_factor>
<attribute_ref>survival _ph_range</attribute_ref>
</function_call>
</l ogi cal _expressi on>
</ query>
<popul ati on>
<entity_ref>the_beds</entity ref>
</ popul ati on>
</rel ati on_expressi on>
</l ogi cal _expressi on>
</ domai n_rul e>
<donai n_rul e>
<enbedded_r emar k>An out doors pl ant
can survive in the garden
t enper at ure </ enbedded_r emar k>
<l ogi cal _expressi on>
<function_call>
<function_ref> s_sub_range</function_ref>
<qual i fied_factor>
<popul ati on>
<entity_ref>the_beds</entity ref>
</ popul ati on>
<qual i fier>
<i ndex_qualifier>
<l ow_i ndex>
<integer _literal >1</integer_literal >
</l ow_i ndex>
</index_qualifier>
<attribute_ref>the_garden</attribute_ref>
<attribute_ref>climatic_tenperature_range</attribute_ref>
</qualifier>
</qualified_factor>
<qual i fi ed_factor><sel f/>
<qual ifier>
<entity ref>plant</entity_ref>
<attribute_ref>survival tenperature_range</attribute_ref>
</qualifier>
</qualified_factor>
</function_call>
</l ogi cal _expressi on>
</ domai n_rul e>
</where_cl ause>
</entity_decl >
<entity_decl >
<enbedded_r emar k>ENTI TY aquati c_pl ant SUBTYPE OF

(plant);
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aquatic_pl ant _type: aquatic_pl ant_types;
oxygen_vol unmetri c_requirenent:
positive_integer; aquatic_plant_size:
positive_integer; END ENTITY;
</ enbedded_renar k>
<entity_id>aquatic_plant</entity_id>
<subt ype_of >
<entity ref>plant</entity_ref>
</ subt ype_of >
<explicit_attr_bl ock>
<explicit_attr>
<attribute_id>aquatic_plant_type</attribute_id>
<base_t ype>
<type_ref>aquatic_pl ant _types</type_ref>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<attribute_id>oxygen_volunetric_requirement</attribute_id>
<base_t ype>
<type_ref>positive_integer</type_ref>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<attribute_id>aquatic_plant_size</attribute_id>
<base_t ype>
<type_ref>positive_integer</type_ref>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
</entity_decl >
<function_decl >
<enmbedded remark>** This function checks that a real value lies
within
the specified ** "real _val ue_range"
</ enbedded_renar k>
<function_id>val ue_is_wi thin_range</function_id>
<f or mal _par anet er _bl ock>
<f or mal _par aneter>
<par amet er _i d>v</ paraneter _i d>
<real >
</real >
</ formal _paraneter>
<f or mal _par anet er >
<par amet er _i d>r </ paraneter _i d>
<entity_ref>real value_range</entity_ref>
</ formal _paraneter>
</ formal _paranet er_bl ock>
<function_return_type><bool ean/ >
</function_return_type>
<statenment bl ock>
<return_stnt>
<t er mp<and/ >
<br acket ed_expr essi on>
<rel ati on_expressi on><great er _t han_or _equal / >
<par amet er _ref>v</paraneter_ref>
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<qual i fied_factor>
<par amet er _ref>r</paraneter_ref>
<qual ifier>
<attribute_ref>mni mumval ue</attribute ref>
</qualifier>
</qualified_factor>
</rel ati on_expressi on>
</ br acket ed_expressi on>
<br acket ed_expr essi on>
<rel ati on_expressi on><l ess_t han_or _equal / >
<par amet er _ref>v</paraneter_ref>
<qual i fied_factor>
<par amet er _ref>r</paraneter_ref>
<qual i fier>
<attribute_ ref>maxi mum val ue</attribute ref>
</qualifier>
</qualified_factor>
</rel ati on_expressi on>
</ br acket ed_expr essi on>
</ternp
</return_stnt>
</ st at enent _bl ock>
</function_decl >
<function_decl >
<enbedded_remark>** This function checks that one "real _val ue_range"
is
conpletely ** contained within another
</ enbedded_renar k>
<function_i d> s_sub_range</function_id>
<f or mal _par anet er _bl ock>
<f or mal _par anet er >
<par amet er _i d>r 1</ par aneter _i d>
<entity_ref>real value_range</entity_ref>
</ formal _paraneter>
<f or mal _par anet er>
<par amet er _i d>r 2</ par aneter _i d>
<entity_ref>real value_range</entity_ref>
</ formal _paraneter>
</ formal _paraneter_bl ock>
<function_return_type><bool ean/ >
</function_return_type>
<statenment bl ock>
<return_stmnt>
<br acket ed_expr essi on>
<t er np<and/ >
<function_call>
<function_ref>val ue_is_w thin_range</function_ref>
<qual i fied_factor>
<par amet er _ref>ri</paraneter_ref>
<qual ifier>
<attribute_ref>mni mumval ue</attribute ref>
</qualifier>
</qualified_factor>
<par amet er _ref >r 2</ paraneter_ref>
</function_call>

137



| SO/WD 10303-28:1999(E)

<function_call>

<function_ref>val ue_is_w thin_range</function_ref>
<qual i fied_factor>
<par amet er _ref>ri1</paraneter_ref>
<qual i fier>
<attribute_ref>maxi mum val ue</attribute ref>
</qualifier>
</qualified_factor>
<par amet er _ref>r2</ paraneter_ref>
</function_call>
</ternp
</ bracket ed_expressi on>
</return_stnt>
</ st at enent _bl ock>
</function_decl >
</ schema_decl >
<schena_decl >
<enmbedded remar k>====================—=—=—==== S CHE MA
—===========—==—==—====== </ enbedded _renar k>
<schema_i d>support _itens</schena_i d>
<type_decl >
<enbedded_r emark>** The appropriate base type to
use for "tenperature" is
not clear from** the description. However,
given that M Jones takes great
care of ** "tenperature" values it was
decided to nodel it as a real val ue.
</ enbedded_renar k>
<type_i d>t enper at ure</type_i d>
<under| yi ng_t ype>
<real >
</real >
</ underlying_type>
</type_decl >
<entity_decl >
<enbedded_r emark>** Both "tenperatures” and "ph"
val ues for a plant are
within a ** "real val ue_range". </enbedded_remark>
<entity_id>real value_range</entity_id>
<abstract_supertype>
<supertype_one_of >
<entity_ref>tenperature_range</entity ref>
<entity_ref>ph_range</entity ref>
</ supertype_one_of >
</ abstract _supertype>
<explicit_attr_bl ock>
<explicit_attr>
<attribute_ id>m ni numyval ue</attribute_id>
<base_t ype>
<real >
</real >
</ base_t ype>
</explicit_attr>
<explicit_attr>
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<attribute_ id>maxi numval ue</attribute_id>
<base_t ype>
<real >
</real >
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
<wher e_cl ause>
<donai n_rul e>
<| abel >t he_val ues_nust _be_sensi bl e</| abel >
<l ogi cal _expressi on>
<rel ati on_expressi on><great er _t han_or _equal / >
<attribute_ ref>maxi mumval ue</attribute ref>
<attribute_ ref>mni mrumval ue</attribute ref>
</rel ati on_expressi on>
</l ogi cal _expressi on>
</ domai n_rul e>
</where_cl ause>
</entity_decl >
<entity_decl >
<enbedded_remark>** A "plant" is able to survive within a
"tenperature_range". The ** "garden” will
t hroughout the year have a
"tenperature_range" which the **
"out doors_pl ants" must be able to survive in.
Simlarly, the ** "greenhouse" has a
"tenperature_range" which the
"greenhouse_plants" ** can survive in.
</ enbedded_renar k>
<entity_id>tenperature_range</entity_id>
<subt ype_of >
<entity_ref>real value_range</entity_ref>
</ subt ype_of >
<explicit_attr_bl ock>
<explicit_attr>
<qual ified_attribute>
<entity_ref>real value_range</entity_ref>
<attribute_ ref>mni mrumval ue</attribute ref>
</qualified_attribute>
<base_t ype>
<type_ref>tenperature</type_ref>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<qual ified_attribute>
<entity_ref>real value_range</entity_ref>
<attribute_ref>maxi mum val ue</attribute ref>
</qualified_attribute>
<base_t ype>
<type_ref>tenperature</type_ref>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
</entity_decl >
<type_decl >
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<enbedded_r emark>** The description nmentions both
Latin names and English
names for ** "plants". These two "types' of
"pl ant _nane" were considered to
have ** sufficient in common to justify
their nodelling by a single defined **
type. ** It is not clear if sonme
constraints should be specified for **
"plant _nane". For exanple, it may sensible
to ensure that it is ** not ** enpty
and that it is al phabetic. </enbedded_renark>
<type_i d>pl ant _nane</type_i d>
<under| yi ng_t ype>
<string>
</string>
</ underlying_type>
</type_decl >
<type_decl >
<enbedded_remark>** The acidity of the "beds" and
the range acceptable to
** "outdoors_plants" has been nodel |l ed by
the defined type "ph". It is ** not
cl ear which base type should be used for
ph"; however, given that ** M Jones
takes pride in conpatibility of values, it
was decided to use ** the real type.
** A "ph" value is constrained to being between zero and fourteen

In * %
reality, it is highly unlikely that M
Jones woul d ever use "ph" ** val ues near
the extrenes. However, there is no
i ndication of nore ** realistic limts
wi thin the domain description.
</ enbedded_renar k>
<type_i d>ph</type_i d>
<under| yi ng_t ype>
<real >
</real >
</ underlying_type>
<wher e_cl ause>
<donai n_rul e>
<l abel >t he_ph_i s_between_0_and_14</1| abel >
<l ogi cal _expressi on>
<i nterval >
<i nterval _| ow i ncl usive>
<integer _literal >0</integer_literal >
</interval | ow.inclusive>
<interval _itenp<sel f/>
</interval _itenp
<i nterval _hi gh_i ncl usi ve>
<integer _literal >14</integer_literal >
</interval _high_inclusive>
</interval >
</l ogi cal _expressi on>
</ domai n_rul e>
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</type_decl >
<entity_decl >
<enbedded_r emark>** An "outdoors_plant", indeed
"plant”, can survive
a range of "ph" ** val ues. </enbedded_renark>
<entity_id>ph_range</entity_id>
<subt ype_of >
<entity_ref>real value_range</entity_ref>
</ subt ype_of >
<explicit_attr_bl ock>
<explicit_attr>
<qual ified_attribute>
<entity_ref>real value_range</entity_ref>
<attribute_ref>mni mumval ue</attribute ref>
</qualified_attribute>
<base_t ype>
<type_ref>ph</type_ref>
</ base_t ype>
</explicit_attr>
<explicit_attr>
<qual ified_attribute>
<entity_ref>real value_range</entity_ref>
<attribute_ref>maxi mum val ue</attribute ref>
</qualified_attribute>
<base_t ype>
<type_ref>ph</type_ref>
</ base_t ype>
</explicit_attr>
</explicit_attr_bl ock>
</entity_decl >
<type_decl >
<type_id>positive_integer</type_id>
<under | yi ng_t ype><i nt eger/ >
</ underlying_type>
<wher e_cl ause>
<donai n_rul e>
<l abel >posi tive_onl y</| abel >
<l ogi cal _expressi on>
<rel ati on_expressi on><gr eat er _t han/ ><sel f/ >
<integer _literal >0</integer_literal >
</rel ati on_expressi on>
</l ogi cal _expressi on>
</ domai n_rul e>
</where_cl ause>
</type_decl >
<type_decl >
<type_i d>percent age</type_i d>
<under| yi ng_t ype>
<real >
</real >
</ underlying_type>
<wher e_cl ause>
<donai n_rul e>
<| abel >bet ween_0_and_100</ | abel >
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<l ogi cal _expressi on>
<i nterval >
<i nterval _| ow i ncl usive>
<real literal>0.0</real literal>
</interval | ow.inclusive>
<interval _itenp<sel f/>
</interval _itenp
<i nterval _hi gh_i ncl usi ve>
<real literal >100.0</real literal >
</interval _high_inclusive>
</interval >
</l ogi cal _expressi on>
</ domai n_rul e>
</where_cl ause>
</type_decl >
<type_decl >
<type_id>efficiency</type_id>
<under| yi ng_t ype>
<sel ect >
<type_ref >percent age</type_ref>
<type_ref>fractional val ue</type_ref>
</ sel ect >
</ underlying_type>
</type_decl >
</ schema_decl >
</ express_driven_dat a>
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Annex H
(tbd)

EXPRESS schema inter change using the OMG XMI standard

The text of this annex has been provided by Dave Price (IBM and Pdes, Inc.) It isincomplete and has
not been edited.

H.1 Purpose

The Object Management Group has standardized the XML Meta-data Interchange format called XMI.
XMI provides a mechanism for the interchange of various types of meta-data using XML syntax.

XMI includes, among other things, the capability to interchange data type information, class
information, groupings of classes providing namespaces for the classes, associations between classes
and inheritance between classes. This capability is built upon another OMG standard called the Meta-
Object Facility or MOF. XMI compliant DTDs are based on MOF models of a modeling language.
OMG has also standardized an XMI compliant DTD for the Unified Modeling Language or UML.

The purpose of this annex isto enable to use of OMGs XMI standard for the interchange of
EXPRESS schemas between XMI compliant systems used to design and implement software systems.
The use of XMI for that purpose is achieved by defining a one-way mapping of a subset of the
EXPRESS language into the OMG XMI compliant UML DTD. In most cases, the strategy for
specifying this mapping is to specify the UML concept into which an EXPRESS concept is mapped
and relying on the OMG XMI standard to specify how that UML concept is encoded in the XMl
compliant UML DTD. In some cases, the mapping of the EXPRESS concept directly into the XMl
compliant UML DTD is specified.

All mappings into UML are into concepts that would appear in Static Class Diagrams. Any reference
to a UML concept is areference to the definition of that concept as found in OMG Unified Modeling
Language Specification Version 1.3, June 1999 and clause 6 of that specification isthe UML XMI
DTD Specification. The introduction in that DTD is asfollows:

<?xm version="1.0" encodi ng="UTF-8" 7>
<l-- XM Automatic DID Generation -->

<!-- Date: Fri May 28 14:48:41 PDT 1999 -->
<l-- Metanodel: UM.1.3 -->

NOTE - In order to completely implement an EXPRESS schema ,the EXPRESS concepts not mapped will

likely have to be implemented by a software developer in application code not automatically generated by
an EXPRESS parser.

<<From here on in are text that describe the mappi ng of EXPRESS concepts
into UM or the UML DID itsel f. For exanple:>
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H.2 Mapping EXPRESS simple data types

The EXPRESS STRING data type shall be mapped into the UML String data type.

H.3 Mapping EXPRESSENTITY datatypesand their attributes

Each EXPRESS ENTITY concept shall be mapped as a UML Class where the name of the Classis
the name of the ENTITY .

H.4 Mapping EXPRESS SCHEM As and the interface specification

The EXPRESS Schemathat is the "topmost" schemain a network of schemas shall be mapped into a
UML Mode. The name of the Model shall be the name of the EXPRESS schema
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